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The S. venuetuq/verecundum complex ( ~ v a l o n  Peninsula,  
Newfoundland) was examined t o  a s c e r t a i n  i f  ind iv idua l  
cytotypes had unique and p red ic tab le  eco log ica l  
chs rao toe i s t i c s .  Emphasis was placed o n  l a r v a l  s p a t i a l -  
temporal d i s t r i b u t i o n .  sir cy to types  were found: EI'GIC 
vanusturn, CC2-3 xelxstm (oombined cc2 and cC3). AC(9b) 
vanusturn, AA verecUnduIR and ACD verecundum. 
Lama1  cy to types  s e l e c t e d  d i f f e r e n t  macrohabitats .  EFCIC 
and ACO were s u b l a c u s t r i n e  spec ies ;  CC2-3 and AC(gb) p re fe r red  
downstream s i t e s .  Within downstream h a b i t a t s  CC3 usua l ly  
occurred i n  l a r g e  streams and AC(gb) In aoo l  canopied s i t e s  
vz th  a bed of s m a l l  s t o n e s  or rubb le ;  CC2 wss ub iqu i tous .  AA 
pre fe r red  c u t l e t s  and t r i c k l e s .  cytotype fauna changed i n  a 
continuous,  d i r e c t i o n a l  and p r e d i c t a b l e  manner wi th  increased 
d ia tanoe  from o u t l e t s .  
Abundance o f  CC2-3 increased wi th  i n c r e a s i n g  ses ton  and- 
discharge,  and dec reas ing  condustivity.  Ac(qb) abundance 
increased wi th  i n o r e a s i n g  stream width. 
Larval  oytotypes a l s o  s e l e c t e d  d i f f e r e n t  mic rahab i t a t s .  
optimal v e l o d t y  f o r  EFGIC end ACD war 0.36 and 0.71 rota, 
respec t ive ly .  EFG/C p r e f e r r e d  shallow water bu t  ACD showed no 
dep th  preference.  Tbese d i f f e r e n c e s  were n o t  r e l a t e d  t o  l a r v a l  
s i r e .  Maximum abundanse of EFG/c occurred 10.5 - 16.0 m from 
o u t l e t s ;  AcD was most abundant j u s t  below o u t l e t s .  
iii 
Proportionally more ACD and AA were found on vegetation than 
rooks; the reverse was true for EFGIC. The density of ACD and 
AA was higher on vegetation than rooks. 
Seasonal occurrence of cytotypes overlapped but 
population peaks were typically asynchronous. EFGlC appeared 
1 - 5 weeks earlier than other cytotypes. ACD and M appeared 
later and remained longer than other cytotypas. EFG/C was 
univoltina. Ac(gb) may have a limited second generation. CC2-3 
was bi- or multivoltine. ACD and AA were multivoltine. 
EFG/C complete larval development from 5 - 3ODC with 
maximum survival between 15 - 2O0C ( 6 8 . 0  - 73.5%). An ACD-M 
mixad population completed development between 5 - 25-C with 
maximum survival between 15 - 25-C (55.3 - 61,01) .  The 
temperature survival curve of EFGIC was significantly 
different from ACD-M. Threshold temperature was O'C. Degree- 
days to complete larval development varied with temperature, 
oytotyps and sax. Temperature also affootad larval size. 
It was concluded that each cytotype examined was a 
distinot spesies with a unique and predictable ecological 
profile, supporting the hypothesis of widespread sibling 
speciation within the S. xw&m!cm/~ oomplex. 
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S o i e n c ~  is the art of estimating the error of our o p i n i o n .  
CHAPTER 1 
GENERAL INTRODOCTION 
Analyses of l a r v a l  s a l i v a r y  gland polytene chromosomes 
show t h a t  most s imul i id  morphospacies ( i . e . ,  s p e c i e s  
designated on e x t e r n a l  morphology) are complexes of 
bio log ica l ly  d i s t i n c t ,  morphologically s imi la r ,  r ep roduc t ive ly  
i s o l a t e d  s i b l i n g  spec ies ,  which are r e f e r r e d  t o  as cytospecies 
o r  cytotypee (Rothfsls  1979, 1981a b, 1987).  Adler (1987) 
suggested 1 - 2 s i b l i n g  s p e c i e s  e x i s t ,  on average,  for every 
nominal spec ies  i n  any given area. Because of t h e  d i f € i c u l t y  
i n  separa t ing  s i b l i n g  spec ies  using conventional  morphological 
Characters,  b io log ica l  s t u d i e s  have lagged far behind t h e  
rap id  designation of t h e s e  cy ta types  and have been l a r g e l y  
d a s c r i p t i v e  i n  na tu re  (Adler 1987). A few r igorous  s t u d i e s  
(e.9. .  Adler and Kim 1984; Ciborowski and Adler 1990) have 
shown eco log ica l  segrega t ion  among s i b l i n g  spec ies .  Less  than  
101 of the  war ld8s  morphospectes have bean invas t iqa ted  
c y t o l o g i c a l l y  (Crosskey 1987) and t h e  nacemslty Par a complete 
r e -eva lua t ion  of behavioural ,  physiological ,  taxonomic and 
eco log ica l  d a t a  is ev iden t .  
Althmugh a nvlnber oi cytotypes i n  t h e  Simuliun venustumj 
- , B ~ B C U I I ~ U I ~  complex have been described (Rothfe l s  & al. 1978; 
Ro thfe l s  ussla; Adler 198s ) ,  l i t t l e  i s  known a b o u t  t h e  l a r v a l  
ecology of ind iv idua l  cy to types .  In North America, Lake and 
Burger (1983) exan ined  the phenology o f  l a r v a l  a i m u l i i d s  a t  
lake o u t l e t s  i n  New H a w e h i r e ,  which i n c l u d e d  5 c y t o t y p e s  of 
the S. venustur/vverecvddm complex. Gordon and Cupp (1980) 
attempted t o  exp la in  t h e  occurrence of l a r v a l  A/C 
( r e f e r r ed  t o  as AA-AC verecundum), ACD verecundum and  CC 
xm&z&m among 4 s i t e s  i n  New Yark S t a t e  on l i m n o l o g i ~ a l  
grounds. Ciborowrki and Ad le r  (1990) provided e v i d e n c e  of 
hab i t a t  s e g r e g a t i o n  among ACD yerecundum, cC3 yenu.tu. and  a- 
AlC-CC v cundum (oombined AA, AlC and CC verecu&m), as did 
Hunter (1990) f o r  EPG/C w, CC venustun, ACD ve recundm 
and A/C verecundun.  Adler  (1986) r epo r t ed  ACD verecundum was 
ecOlog ica l ly  d i s t i n c t  from yenusturn l i n e  cy to types  i n  Alberta .  
me few remaining s t u d i e s  con ta ined  l i m i t e d  eco log ica l  
information,  c o n s i s t i n g  p r i m a r i l y  o f  collection reco rds  
(Rothfels  kf a. 1978; Rotheels  1981a; Snyder  1982; Cupp and 
Gordon 1983;  P i s t r a n g  and Burger  1984; colbo 1985; Adler  and 
Xi. 1986; Cur r i e  and Adler  1986).  
Presented h e r e  a r e  t h e  r e s u l t s  of a 4 year broad-based 
eco log ica l  s t udy  of t hose  cy to types  of t h e  S. -1 
Yerecundum complex found on t h e  Avalon Peninsula of 
Newfoundland. Emphasis was p l a c e d  on t h e  s p a t i a l  a n d  temporal 
d i s t r i b u t i o n  of l a r v a l  cy to types ,  though a s p e c t s  of 
preimaginal  phys io logy  and morphology, as v e l l  a s  a d u l t  
ov ipos i t i on  and d i s p e r s a l ,  were i n v e s t i g a t e d .  
The purpose of t h e  p resen t  study was t o  d e s c r i b e  
comparatively the l a r v a l  ecology of those  cy to types  of t h e  8 .  
venustum/verecundum complex found an the  Avalon Peninsula of 
Newfoundland. The hypothesis  used t o  s t r u c t u r e  t h i s  p ro jec t  
w a s  as fo l lows :  
H,: Larval  cy to types  o f  t h e  8 ,  vcnu~tulnlverecunduq 
complex do n o t  exh ib i t  eco log ica l  p r o f i l e s  d i s t i n c t  from 
each  o t h e r .  
HA: At l e a s t  some l a r v a l  cytotypes possesses d i s t i n c t  
eco log ica l  p r o f i l e s .  
Eco log ica l  p r o f i l e s  were l a r g e l y  drawn from s p a t i a l  and 
t empora l  d i s t r i b u t i m  d a t a .  Charac te r i za t ion  of cy to types  on 
s p a t i a l  and temporal  axes has 2 advantages: i )  such d a t a  may 
b e  useful  i n  determining s p e c i e s  s t a t u s  in cares where 
c y t o l o g i c a l  evidence i n  unc lea r  and; i i )  the  a b i l i t y  t o  
r e l i a b l y  i d e n t i f y  cytatype assemblages and p r e d i c t  t h e i r  
occur rence  an s p a t i a l  ( s t r e a n  type)  or temporal ( s e a s o n a l i t y )  
c r i t e r i a  would g r e a t l y  reduce t h e  dependence on cytotaxonomic 
i d e n t i f i c a t i o n .  
A s  stream temperature p l a y s  a profound r o l e  i n  t h e  l i f e  
h i s t o r y  of preimaginal  s i n u l i i d s  and is of p a r t i c u l a r  
r e l evance  t o  cytotype ecology (above),  a d e t a i l a d  l a b o r a t o r y  
i n v e s t i g a t i o n  of temperature was a l s o  undertaken. 
Re l i anoe  on cytotaxonomic procedures r e s u l t s  from t h e  
c u r r e n t  i n a b i l i t y  t o  d i s t i n g u i s h  l a rvae  on conven t iona l  
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morphological c r i t e r i a  ( e . g . ,  Rothfe l s  & a. 1978; ~ d l e r  
1986; Adler  and Kim 1986). Crosskey (1987) concluded t h a t  
morphometric a n a l y s i s  of e x i s t i n g  cha rac te r s ,  r a t h e r  than a 
sea rch  f o r  new ones. would p robab ly  be r equ i red  t o  s e p a r a t e  
s i b l i n g  spec ie s .  As recent  a t t empts  have met with l imi t ed  
success  (nd le r  1983; Snyder and Linton 1983), a p re l imina ry  
morphometric a n a l y s i s  was conducted t o  determine how 
environmental  cond i t ions  ( temperature)  may in f luence  t h e  
taxonomic value a€ morphological cha rac te r s .  
.,EVTEW OP RELEVANT LITERATURE 
s imui i id  l i f e  history 
s l a c k  f l i e s  ( s i a u l i i d a e :  D ip t s ra )  are holometabolous 
i n s e c t s  wi th  4 d i s t i n c t  s t a g a s  of development, e g g ,  l a r v a ,  
pupa and adu l t  (Cupp and Gordon 1981; Cur r i e  1986). General  
t r e a t m e n t s  o l  s i a u l i i d  b io logy  inc lude  Crosskey (1973, 1990) ,  
L e i r d  (19811. Peterson (1981) ,  a n d  Xim and N e r r i t t  (1987). 
With rare exceptions (e.9.. Croerkey 1973; Pe te r son  1981; 
L a d l e  & al, l 985) ,  a l l  p re imaq ina l  s t ages  o f  tha l i f e  c y c l e  
a r e  r e s t r i c t e d  t o  l o t i c  (running water)  h a b i t a t s  r ang ing  from 
temporary t r i o k l e s  t o  l a rge  r i v e r s  (Davias et a. 1962; S tone  
1964; S tone  and Snoddy 1969; Colbo end Wotton 1981).  Adu l t s  
a r e  usua l ly  dimorphic,  a e r i a l  and t e r r e s t r i a l  (Davies & al. 
1962: S tone  1964; Cupp and Gordon 1983). 
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Temperatuea, oxygen and photoperiod determine t h e  onse t  
a n d l o r  r a t e  of  embryonic development (Elsen 1979; ~ l n h o r  and 
Smith 1979; Colbo and Wotton 1981; Shipp and Whitf ield 1987).  
Upon ha tch ing ,  e a r l y  i n s t a r r  o f t e n  move wi th in  a r i f f l e  from 
o v i p o s i t i o n  s i t e s  t o  l o c a t i o n s  more s u i t a b l e  f o r  l a r v a l  
development (Stone and Snoddy 1969; Reisen 1977; c o l b a  and 
Moorh~use 1979; COlbo end Wotton 1981). Larvae a t t a c h  to 
s u b s t r a t e s  by a p o s t e r i o r  c i r c l e t  of hooks embedded i n  a sma l l  
1,s.: o f  s i l k  r ec ra t ed  Prom t h e  s a l i v a r y  glands (Jaanbask 1976; 
Wallace and  Mer r i t t  1980). D i spe r s ion  over a s u b s t r a t e  is 
e i t h e r  "spaced", w i th  a w e l l  de f ined  area su r round ing  each 
l a r v a ,  or "Clumped", with e a c h  l a r v a  occupying only enough 
s u b s t r c t e  to a t t a c h  t h e  s i l k  pad (Colbo and Wotton 1181; 
Eynann and Friend 1988).  
Most l a rvae  possess h i g h l y  modified l a b r a l  f ans  used  t o  
pass ive ly  P i l t e r  suspended p a r t i c l e s  Prom stream water  
(Wallace a n d  N e r e i t t  1980; Colbo and  Wotton 1981; C u r r i e  and 
C r a i g  1987).  Attached l a rvae ,  with t h e  head i n  e downstream 
d i r e c t i o n ,  t w i s t  t h e  body l o n g i t u d i n a l l y  (90 - 180.1 t o  use 
t h e  v e n t r a l  surface of aach head  f a n  t o  P i l t e r  water (Wallace 
and M e r r i t t  1980).  F a c u l t a t i v e  sc rap ing ,  ob l iga to ry  s c r a p i n g .  
d e p o s i t  f eed ing  and o p p o r t u n i s t i c  predation a re  a l t e r n a t i v e  
f eed ing  s t r a t e g i e s  (Chance 1970 ;  Calbo and Wotton 1981; Walsh 
1985; c u r r i e  and Craig 1987). Larvae f i l t e r  p a r t i c l e s  between 
0.091 - 350 pm wi th  t h e  ma jo r i ty  of p a r t i c l e s  i n g e s t e d  l a s s  
than  loopn (Wotton 1976; Chance 1977; Wallace and M e r r i t t  
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1980;  Walsh 1985) .  Feeding e f f i c i e n c y  i s  low, gene ra l ly  below 
1 0 %  (Kur t ek  1978) .  
The  l a r v a l  d i e t  c o n s i s t s  of d e t r i t u s ,  b a c t e r i a ,  a n i n a l  
t i s s u e  and  a l g a e  (Fredeen 1964; Wallace end  M e r r i t t  1980; 
Wotton 1980a; Walrh 1985; Schreder  19871. Gut c o n t e n t s  are 
l a r g e l y  determined by p a r t i c l e  s i z e  and a v a i l a b i l i t y  i n  t he  
s e s t o n  (Anderson and Dicke 1960; Moore 1977a b; Kurtak 1978. 
1979; S c h r a d e r  1983; Thompson 1987.3). The r i z a  d i s t r i b u t i o n  of 
i n g e s t e d  p a r t i c l e s  may s h i f t  w i t h  l a r v a l  a g e  (Schrijder 1981, 
1981;  ~ h o m p s o n  1987a) .  Recent r ev i ews  r e l e v a n t  t o  l a r v a l  
f eed ing  i n c l u d e  Wallace and M e r r i t t  (1980).  Walsh (1985) and 
Curt ' ie  and  C r a i g  (19871. 
T h e  l a r v a l  s t a g e  can l a s t  from 2 weeks t o  s e v e r a l  months 
depend inq  on s tream temperature,  food a v a i l a b i l i t y  and s p e c i e s  
(Lewis a n d  Bennett  1971; R o s s  a n d  M e r r i t t  1978, 1987: Merritt 
g d. 1978. 1982; colbo 1979, 1982; colbo and P o r t e r  1979,  
1981).  The number o f  l a r v a l  i n s t a r s  v a r i e s  between 6 - 11, 
depend ing  on s p e c i e s  and stream cond i t i ons  (Ross and Merritt 
1978; Co lbo  a n d  Wotton 1981;  c u r r i e  1986; co lbo  1989) .  Ma tu re  
l a s t  i n s t a r s  ( i . e . ,  p h a r a t e  pupae or p repupae )  w i l l  o f t e n  move 
t o  ca lmer  w a t e r  before s p i n n i n g  a cocoon o f  s i l k  i n  wh ich  t o  
pupate (Mait land and Penny 1967 ;  Crosskey 1973; c o l b o  and 
Moorhouse 1979) .  Pupal  development  v a r i e s  from 2 days t o  2 
weeks depend ing  on  t e m p e r a t u r e  (S tone  1961; Eleen 1979; 
P e t e r s o n  1981;  deMoor 1982; PeUgel  1988).  Adults  emerge  
d i u r n a l l y  f rom the pupal  skin a n d  r i s e  t o  t h e  stream s u r f a c e  
7 
i n  an a i r  bubble (crosskey 1971; P e t e r s o n  1981; Wenk 1981). 
Reproduction i s  usually sexua l ,  with copulat ion accur r inq  
e i t h e r  i n  mating swarms or by i n d i v i d u a l  males wait ing f o r  
females near streams,  hosts ,  or n e c t a r  sources  (Davies et a. 
1962; S tone  1964: Crosskey 1973; riank 1987).  ripl lo id 
pa r thenogene t i c  forms a l s o  occur ( R o t h f e l s  1979, 1989).  Adu l t  
females u s u a l l y  r equ i re  a bloodmeal in  order t o  develop e a c h  
batch of eggs  (anautoganous), a l though  some spec ie s  na tu re  t h e  
f i r s t  b a t c h  without  a blood meal (autaganous) while o the r s  d o  
no t  t ake  blood (navies st a. 1977; c v r r i e  1486; ~ n d e r s a n  
1987).  Most blood sucking s imul i ids  feed d iu rna l ly  on mammals 
(mammalophilic) or b i r d s  ( o r n i t h o p h i l i c ) ,  though a t t a c k s  on 
o the r  v e r t e b r a t e s  and inve r t eb ra t e  h o s t s  are known (Davies & 
a. 1962; S tone  1961; Stone and Snoddy 1969; Croeskey 1973, 
1990). 
Adu l t s  take p lan t  ju i ces  such as nec ta r  t o  s a t i s f y  energy 
requirements (Petarson 1981; C v r r i e  1986). Females c a n  
d i spe r se  200 - 600 km from breeding sites i n  search o f  
s u i t a b l e  hoa te  (Fredeen 1969; Walsh &a. 1981), bu t  15 kn or 
l a s s  is probab ly  t h e  normal range of movement (Stone 1964; 
Bennett and F a l l i s  1971; Wenk '981). Adult longevity is 
Usually less t h a n  a month (Bennett  and F a l l i s  1971; Crosskey 
1973, 1990: asmnback 1976). 
Ov ipos i t ion  usua l ly  t a k a s  p l a c e  i n  t n e  evening, when 
females e i t h e r  deposi t  eggs f r e e l y  i n t o  the  stream o r  a t t a c h  
eggs i n  masses to s u b s t r a t e s  1e.g.. rocks,  t r a i l i n -a  
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vegetation, dam sluices) at or below thr! water line (Jamnback 
1976; colbo and wotton 1981; Golini and Davies 1987). Other 
unique farms of oviposition have been recorded (Peterson 1981; 
Ladle &a. 1985). ~ o s t  species deposit 100 - 600 eggs par 
gonatrophic cycle, although this can vary from 25 (Gvmno~&s 
stone) to 800 (sirnuliun Latreille) (Davies & d. 1962; 
crosskey 1973, 1990; currie 1986). Depending on species or 
time of year, eggs can hatch .n several days or enter diapaube 
(Davies et al. 1962; Stone 1964; Jamnback 1976; Ross and 
Merritt 1987; Shipp 1987). Eggs cannot wilbstand desiccation 
(Imhof and smith 1'791, but same species may survive in the 
moist soil of dry stream beds for several nmths to several 
years (Fredeen ~3 ef. 1951; Anderscn and Dioke 1960; Colbo and 
Moorhouse 1974; Adler and Kim 1986). Recent reviews on 
sinuliid reproduction include Anderson (1987). Golini and 
navies (1987) and Wenk (1987). 
The seasonal distribution of Nesrctis simuliids fall. 
into 3 general categories (Stone 1964; Ross and Merritt 1987). 
These include: i) univoltina rpecias (e.9.. PrDsinulium 
R01:baud) where eggs deposited in the spring or early summer 
hatch in late fall or early winter. Larval growth is slow over 
nost of the winter and pupation starts by early March; ii) 
univoltine species (e.9.. Simulium) where eggs deposited in 
the early summer hatch the fallowing spring. Larval growth is 
rapid and pupation starts by April or May and; iii) bivoltine 
and nultivoltine species (e.g., Sma.h) with eggs often 
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hatching l a t e r  t han  group i l  o r  i i l  . Larvae, pupae and a d u l t s  
may be p resen t  a l l  summer. Eggs l a i d  by t h e  l a s t  summer or 
f a l l  gene ra t ion  ove rv in ta r  u n t i l  t h e  fol lowing sp r ing .  
S p a t i a l  d i s t r i b u t i o a  p a t t e r n s  of p re inaq ina l  s imul i i aa  
S p a t i a l  d i s t r i b u t i o n  of preimaginal  s i m u l i i d s  has  been 
considered on 2 broad s c a l a r  - rnacrodisteibvtion ( i . e . ,  l a r v a l  
d i s t r i b u t i o n  between stream and s e c t i o n s  t h e r e o f )  and 
a i o r o d i s t r i b u t i o n  ( i . e . ,  t h e  d i s t r i b u t i o n  o f  l a rvae  within a 
small  s e c t i o n  of  t h e  stream) (colbo and ~ o t t o n  1981).  s he 
broadest  m a c r o d i ~ t r i b u t i o n  s t u d i e s  have examined t h e  
d i s t r i b u t i o n  of s i m u l i i d s  among and wi th in  t h e  6 zoogeographic 
r eg ions  of t h e  world (e.g., Crosskey 1981, 1987).  Numerous 
s t u d i e s  have considered p a t t e r n s  of l a r v a l  d i s t r i b u t i o n  wi th in  
a l a r g e  s e c t i o n  of  a zoogeographic r eg ion  (e.9.. Cupp and 
Gordon 1983; Corkum and Cur r i e  1987).  At t h e  lowest s c a l e ,  
s t u d i e s  of macrod i s t r ibu t ion  have examined l a r v a l  
d i s t r i b u t i o n  between s t r eams  i n  h igh ly  loca l i zed  areas (e.g. ,  
Coibo 1979) and wi th in  a s i n g l e  drainage bas in  ( e .g . ,  Mait land 
and Penny 1967). These l a t t e r  s t u d i e s  have s t r e s s e d  t h e  r o l e  
of s tream s i t e  c h a r a c t e r i s t i c s  ( e .g . ,  food supply.  
o v i p o s i t i o n a l  cues, temperature,  s u b s t r a t e )  i n  determining 
preimaginal  d i s t r i b u t i o n .  
Dis te ibut ionwi th inas treamreach  ( e .g . ,  U l f s t r and  1967) 
or  d i s p e r s i o n  over ind iv idua l  subst i-ate= (e.9. .  Rilhm and Page1 
1986) has cus tomar i ly  been r e f e r r e d  t o  as n i c r o d i r t r i b u t i o n .  
10 
In recent years, laboratory studies have focused on the 
patterns of dispersion within groups and the factors 
responsible for these patterns (Craig and Chance 1982; Hart 
1986; Chance and Craig 1986; Eymann and Friend 1288; 
Ciborowski and Craig 1989). 
Preimaginal habitat selection on any scale depends upon 
the interaction of numerous physical and biotic factors. 
Tables 1.1 and 1.2 provide comprehensive (though not 
exhaustive) lists of those factors thought to influence 
preimaginal macrodistribution and microdistribution 
respeotively. Although some factors affect distribution over 
both scaler of study (e.9.. water velocity, substrate, biotic 
interactions), the influence of many factors can be ignored at 
the level of the nicrohabitat (Ulfstrand 1967; Rabeni and 
Minshall 1977). For example. water chemistry and temperature 
are unually oonsidered homogeneous over localized areas of a 
stream. Consequently, microdistribution studies have focused 
on conditions which vary over a distance of a few centimeteres 
o r  meters, such as Water depth and velocity. Minahall and 
Minshall (1977) have suggested that microdistribution of 
benthic inseots is the product of a aeries of responses to a 
set of interacting variables imposed in a hierarchical 
fashion. These authors also emphasised that responses to 
stream conditions are species specific, hence the need to 
consider species individually. 
Various factors may influence praisaginal distribution 
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via several pathways and different factors nay interact. Far 
exampla, velocity can influence larval microdistribution by 
its effects on filter feeding (Chance and Craig 1986; Craig 
and Galloway 1987; Morin and Peters 1988). substrate 
suitability (Ulfstrand 1967; deMarch 1976; Rabeni and Minshall 
1977; Reice 1980; Minshall 19841, substrate stability (Newbury 
19S4), and the distribution of potential predators and 
conpatitors (Ulfstrand 1967; ninrhall and Minrhall 1977; Orth 
and Maughan 1981) . 
Reviews concerned wholly or in part with the spatial 
distribution of preinaginalsilnuliids include Carlsoon (1967), 
Colbo and Wottan (1981), Orunewald (1981). Ross and nerritt 
(1987) and Wotton (1987). 
Hydrodynamios or rlor 
Hydrodynamic. are fundamental to larvalhabitatselection 
(Craig and Galloway 1987). General treatments on the 
consequences of flow to living organisms can be found in Voqel 
(1981, 1988). LUgt (1983). NoWell and Juaars (1984) and 
statzner nf sl. (1988). Specific treatments for silnuliids 
include Decamps a. (1975). Craig and Chance (1982). Chance 
and Craig (1986). craiq and   el lo way (1987). Stream hydrology 
was reviewed by Newbury (1984). 
velocity at the rubstrate-water interface is zero due to 
frictional forces, but increaser with distance from the 
substrate until mainstream velocity is reached (Statzner & 
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a. 1988). The region where t h e  water ve loc i ty  i s  901 (some 
authors use 99%. see Chance and Craig 1986; s t a t r n e r  & 43. 
1988) or l a s s  than t h a t  of t h e  mainstream v e l o c i t y  i s  known as 
t h e  boundary l aye r  ( c r a i g  and Galloway 1987).  I n  streams most 
of the  boundary l aye r  i s  t y p i c a l l y  tu rbu len t ,  b u t  f low 
immediately above t h e  s u b s t r a t e  e x h i b i t s  laminar flaw and i n  
t e r rned the  ' laminarT or  'viscous sublayer '  (Craig and Galloway 
1987; S ta tznee  & a. 1988). It is i n  the  boundary l aye r  t h a t  
sirnuli id l a rvas  are found (Craig end Galloway 1987).  Although 
it has  o f t e n  been assumed t h a t  l o t i c  i n s e c t s  l i v i n g  within t h e  
boundary l aye r  are pro tec ted  from flow, r ecen t  s t u d i e s  have 
Shawn t h a t  l o t i c  inver tebra tes  nogo t i a te  t h e  complicated 
p a t t e r n s  of flow and consequently deal  with t h e r e  f o r c e s  
( s t a t z n e r  nf a. 1988). 
s imple hydraulic cha rac te r s ,  such as  depth,  ve loc i ty  and 
stream bottom s u b s t r a t e s ,  c o r r e l a t e  w e l l  wi th  both t h e  
macrodistr ibution end mic rod i s t r ibu t ion  of preimaginal  
s imul i ids  (Tables 1.1 and 1 .2 ) .  Assuming uniform flow, 
measurements of t h e s e  v a r i a b l e s  (mean va lues )  a l low 
c a l c u l a t i o n s  of complex hydraulic v a r i a b l e s  (S ta tzner  &a. 
1988). These include Froude number, Reynolds number, v i scous  
nublayer th iakness ,  shea r  s t r e s s ,  and boundary l aye r  Reynolds 
nunber. Froude and Reynolds numbers desc r ibe  genera l  f low 
cond i t ions ;  viscous sub layer  th i ckness ,  shear  stress, and 
boundary layer Reynolds nunber desc r ibe  cond i t ions  near t h e  
stream bottom (Orth and Maughan 1983; Chance and Craig 1986; 
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Craig and Gallaway 1987; Statzner s al. 1988). Both ~roude 
number and viscoue sublayer thiokness are known to correlate 
with sinuliid distribution (statener 1981a; orth and ~aughan 
1983; Wetmore t a. 1990). At present it is not certain 
whether simple or complex hydraulic characters best describe 
the stream environment (Statzner t d. 198s). 
Recently, Wetmore & 31. (1990) pointed out that under 
conditions of chaotic flow (e.9.. rapids) stream bed 
conditions such as shear stress and boundary layer thickness 
cannot be estimated using mean Plow velocity, depth, slope and 
substrate sire. Instead, a more detailed characterization of 
flow is required. Undoubtedly, tuture studies an stream 
ecology will place more emphasis on dccermining which 
hydraulic variables most influence insect distribution. 
The hydrodynamics of flow at the substrate level also 
influence sinuliid dispersion patterns and biotic interactions 
(Craig and Chance 1982; Chance and Craig 1986; Craig and 
Galloway 1981; Ciboroweki and Craig 1989) which may in turn 
~nfluence distribution over higher scales. 
Temperature 
Temperature plays a major role in the ecology and 
evolution of aquatic insects (Ward and Stanford 1982; Sweeney 
1984). stream temperature has a significant influanos on the 
macrodistribution (Table 1.1) and population dynamics (Ross 
and Merritt 1987) of preimaqinal simuliids as well as on: 
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embryonic development and eclosian (Elsen 1979; Imhof and 
Smith 1979; Shipp and Whitfield 19871, larval and pupal 
development (~okry 1976; Elren 1979; colbo and Porter 1981; 
demoor 1982; Merritt S EL. 1982; Prligel 1988; Wirte & &I,. 
1990). larval survival (Davies and Smith 1958; Mokry 1976). 
growth rate (Hauer and Benke 1987; Morin & EL. 1988a). 
feeding (Schrlder 1981; Thompson 1987b), number of instars 
(Ross and Merritt 1978; Post 19831, larval size (ROSS and 
Merritt 1978; Merritt & al. 1982; deMoor 1982; Post 1983). 
number of generations (zahar 1951; Carlsson 1962), emergence 
(Wenk 1981) end fecundity andlor adult sire (Chutter 1970; 
Neveu 1973; Neveu and Lapchin 1979; Colbo and Porter 1981). 
The seasonal abundance of preimaginal stages has also bean 
correlated with stream temperature (Mohsen and Mulla 1982; 
shipp and Pracuniar 1986). Temperature may also act as a neans 
of partitioning species along a 'thermal gradient' (Merritt& 
a. 1982). 
The Simuliun v~nus&!glversoundw a. I .  complex 
The S. venustum/verecundum complex has a long and 
confused taxonomio history. A detailed account of this 
holarctic complex can be found in Rothfels & ga. (1978) and 
Gordon and Cupp (1980). This conplex is characterized by a 
larva With a negative head pattern and a pupa with 6 
respiratory filaments. 
S&4.L&m venustum was described by Say in 1821 from 
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adults collected by the Ohio River near Shippingsport 
(Rothfals S gl .  19781. Stone and Jamnback (1955) showed that 
S. venustua in North America was a complex of 2 morphoapecies. 
the second, named verecundym, was distinguishable from 8. 
m Say an the basis of adult male genitalia. These 
authors also reported 8. venustua as univoltine and 
anthrophilis, whereas 8. verecwdua Stone and Jamnbaak was 
multivoltine bnd did not attack man. navies & al. '19621 
described diagnostic differences in the female genitalia. 
Regional faunisticsueveys, ecological Investigationsand 
laboratory studies have produoed a great deal of information 
regarding the S. yenusrum/- 2. 1. complex (Stone and 
jamnback 1955; Wolfe and Peterson 1959; Anderson and Dicke 
1960; Bennett 1960; Davian et al. 1962; Stone 1964; Abdelnur 
1968; Craig 1969; Stone and Snoddy 1969; Chance 1970; Moore 
1977a b; nerritt &a. 1978; Bauer and Granett 1979; Bruder 
and Crana 1979; Inhof and smith 1979; Kurtak 1979; LeScala 
1979; Wertwood and Brust 1981; Currie 1986; Shipp and 
Procunier 1986; Corkurn and Currie 1987; Marin S al. 1988bl. 
This is particularly true in Newfoundland where all stages of 
the life cycle have been studied 1e.g.. Pickavance el gl .  
1970; Davis 1971; Lewis and Bennett 1973, 1974. 1975; Ezenwe 
1974; MOkry 1976; Colbo and Porter 1979, 1981; Colbo 1982; 
~ c ~ r s a d i e  &a. 1984, 1985, 1986; Thompson 1987a b c ) .  
~ r o m  the above studies a general life history for the 5. 
venurtum/verocundua complex can be constructed. In North 
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America, larvae are found as far north as Alaska and as far 
south as Louisiana. In temperate regions the egg is the 
overwintering stage. Larvae are found in streams from ~ebruary 
to November, but are more commonly found between ~ p r i l  and 
September. In mare southern locations (e.9.. Alabama) larvae 
nay he present throughout most o f  the winter. Preimaginals 
have been found in almost every lotic habitat, from small 
temporary streams to large rivers. The pupal stage lasts 
approximately 1 week, depending an temperature. 
Adults are dimorphic, anautogenous. mammalophilic blood 
feeders, which occasionally feed on birds. Due to their blood 
feeding habits, adults are one of the most important pasts of 
man and domestic livestock in NE North America. Females either 
deposit eggs freely into the stream where they sink to the 
bott~ln (ymu&m line ?) or attach egg masses to substrates 
(a.9.. rocks, trailing vegetation) at or below the water line 
(verecundua line ? I .  
Many studies have separated the larval S. xswguu 
complex from S. verecundum complex on morphological grounds. 
However, recent studies have cast doubt on the ability of 
published morphological characters to separate larvae along 
these 2 lines (Rothfels &a. 1978; Adler 1986; Adler and Kim 
1986; Currie 1986; Calbo pees. coam. 1981). Therefore, all 
references to larval S. Yenustun or S. verecundun based on 
conventional morphological criteria should be considered S. 
venustue/verecundum p. 1. complex. Adults can usually be 
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separated into 5. venusrun complex and S. w e c u n d u n  complex 
(stone and Jamnback 1955; Davies al. 1962). In central 
Ontario, Hunter (1990) was able to assign adults and pupas of 
4 cytotypes to previously deasribed species: EFGIC venustum = 
S6mulium truncatua (Lundstrem) ; CC venuscu. - 8 .  w; ACD 
verec dun = ro- (Lundsts8m); AlC verecundun= 
5. yerecundun. Whether narpholoqical separation is possible 
over a larger geographic area remains to be Been. 
Simuliid tamnomy 
Simuliid systenatiss have changed considerably over the 
past 30 years as cytological and biochemical approaches have 
become increasingly more important in species recognition 
(Crosskey 19871. Based on traditional morphological 
characters, approximately 1500 species are currently 
recognized globally; to this can be added at least 150 
cytotaxononicallyrecoqnized sibling species (Crosskey 1987). 
Mast cytological studies of simuliids rely on salivary 
gland polytene chromosomes of late instars (Rothfels 1979; 
Rothfels 1987), although adult polytene chromosomes. 
especielly those from Malpighian tubule cells, are 
occasionally used (e.g., Bsda 1976; Adler 1983; Procunier and 
Post 1986; Hunter 1990). In many simuliid tissues, repeated 
chromosome replication within a single nucleus 
(endopolyploidyl, with replicates remaining tightly synapsed 
in parallel, results in very wide (Fig. 1.1) polytene 
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~hrorn~some~ (Farnsworth 1978). Simuliids almost invariably 
have 3 pairs (n = 3) of metacentric chromosomes (rarely n - 21 
withhornologues intinatelypaired (~othfels 1979). Chromosomes 
are designated I, 11, and I11 in descending order of length, 
with short and long am. of each chromosome labelled s and L 
rerpeotivaly (Rothfels 1979). 
stained polytene chrmosomes show very distinct light and 
dark banding patterns (Pig. 1.1), which allows visual 
detection of chromosomal rearrangements, such as inversions 
and interchanges (Rothfels 1979). Cytotypes commonly differ in 
fixed autosoma1 inversions, floating inversions 
(polymorphisms) or sex chromosomes. Other aspects of cytology, 
such as the presence/abeence of B chromosomes and details of 
mala meiosis can also vary among species (Rothfels & gl. 
1978; Rothfels 1979, 198la b, 1987). Selection of which band 
sequence in a chromosona arm is considered standard or 
inverted is arbitrary, but by convention standard is selected 
for its 'centrality', i.e., the sequence which gives rise to 
the largest number of independent derivatives (Rothfels 1979). 
Biochemical approaches to simuliid taxonomy include gas 
liquid ohromatography of cuticle hydrocarbons (Cerlson and 
Walsh 1981; Phillips eta. 19851, enzyme electrophoresis (May 
& a. 1977; Snyder 1982; Snyder and Lintan 1983; Grams and 
zillmann 1984) and DNA sequencing (Tawnson & a. 1987). To 
data most of these prosedures have met with limited sucsoss. 
Reviews pertaining to simuliid taxonomy include morphological 
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(Crosskey 1981, 19871, biochemical (Totmson and Meredith 1979, 
~ownson & &. 1987) and cytological treatments (Rothfels 
1979, 1981a b, 1987). 
Cytology of the Simuliun vrmustua/veremundum complex 
Members of the S. -1varecundum complex have 3 
pairs (n = 3) of netacentric chromosomes (Rlthfels s a. 
l97e). Rathfles has numbered inversions in order of discovery, 
for example, IIL-1 refers to the first inversion described an 
the long arm of chromosome I1 (~othfels & a. 1978; Pothfels 
19sla). For purposes of the present study, I will use s (= 
standard) and i (= inverted) to indicate the hoaozygoue or 
heteronygous condition. For example, for the IIL-4 autosonel 
inversion, 111-4 59. IIL-4 si, and IIL-4 ii denote the 
homozygous standard state (i.e., no invsrsion), the 
hstarozygous state (i.e., one chromosome with inversion) and 
the homozygous inverted state ( 1 . e . .  both chromosomes with 
inversion) respeotively. If an inversion narks the sex 
chronoeomea a slash is used (e.q.,  V CC2 ~s.nwW2 = X:X = IIL- 
1 i/i end d cc2 venustu. = Y:X = IIL-1 sli). 
  he only exception ta the above designations is the 11s 
arm where Rothfels has labelled inversions using the letters 
A, C, D, E, F. G, H, and J (Rothfels et d.. 1978; Rothfels 
19ala) . me band sequence c has been designated as standard 
for the 11s arm (Rothfels & a. 1978). where there is only 
one sequence for a cytotype it is listed twice (e.g., CC 
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venustu.) and where there are several they are all listed 
(e.9.. ACL veeecundu) .  As above, inversions marking the sex 
chromosomes are separated by a slash (e.9.. EFGJC -) 
(Rathfels S El. 1978). 
murteen cytotypes have been described on the basis of 
chromosomal banding patterns from larval salivary gland cells 
(~othfels et d. 1978; Rothfels 1981a; Adler 1986). Ten of 
these belong to the xeXW@Xg line (CC, CC1, CC2, CC3, CC4, 
EPG/C, AJC, ~ ~ ( g b ) .  JJ and H/C) and 4 to the verecundum line 
(ACD, AA, AJc, CC). The 2 lines are separated by at least 10 
fixed inversions (Rothfels 19812.). Where larvae were 
sympatric, species status was assumed in the absence of 
chronosomally recognizable hybrids (i.e., inversions). 
Differences in sex chromosomes have also been used to separate 
cytotypes. In allopatric situations cytological data can be 
unclear; conventional morphological oharacters also suffer the 
same limitations (Rothfels &a. 1978). Cytotype designation 
has relied heavily on inversions found on chromosome 11. 
A cytological description and geographic range of all 
known cytotypes of the S. x s w & w g J y  scvndun complex is given 
in Table 1.3. This ie not a list of all known inversions, but 
rather a taxonomic aid for simuliid ecologists primarily 
interested in identifying local demes. B chromosomes have not 
been included due to their limited diagnostic value (Rothfels 
1987). 
EFG/C -04 and ACD verecundum conform cytologically 
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to the European species S. truncatua and S. rostratum (syn. = 
Bublacustre Davies 1966 and g~oenlandicum Enderlein 1935) 
respectively (Rotheels & a. 1978, Crosrkey 1987). This 
sonours with the work of Hunter (1990). Literature refsrenoea 
to S. rostratun must be treated with caution as some authors 
have confused Sinulium c u  Twinrl with this species 
(Crosskay 1987). Crosskey (1987) suggested that AA verecundun 
is probably the mrrrphospecies 5 .  verecundu described by Stone 
and Jernnback (1955). 
For purposes of this study, EFGIC and ACD refer to 
~ytologically identified ~ o r t h  American material and 5 .  
truncatum and 3. rostratum to European material rasognized by 
conventional morphological means. Remaining cytotypes of the 
S. venustun/verecundua complex will also be referred to by 
their 11s letter designation. The specific suffix or 
verscundua is used in cases where the I18 enemonic is 
insuffioient (e.9.. A/C ysnKqm vs A/C verecundum). 
Little is known about most cytotypes. What is known comes 
from a few preliminary ecological studies (Gordon and Cupp 
1980; Lake and Burger 1983; Adlar 1986; Ciborawski and Adlar 
1990; Hunter 1990) and numerous collection records (Rothfela 
& a. 1978; Rothfels 1981a; Snyder 1982; Cvpp and Gordon 
1983; Pistrang and Burger 1981; Colbo 1985; Adler and Kim 
1986; Currie and Adler 1986). Based on these studies one can 
infer that voltinism, seasonal distribution and larval habitat 
selection varies among cytotypes. 
  art formatting follows that of the Canadian Journal of 
Zoology, which follows the guidelines rat forth by the Council 
of Biology Editors Ins., (Bethesda, MD., U.S.A., 20814). Due 
to the variety of topics covered (cytotype fauna, temperature, 
masradiatribution, microdistribution, phenolagy, and 
morphology) the thesis has been written in a chapter format. 
However, results ware intagrated between chapters when 
appropriate in order to present a unified body of knowledge 
with a logical progression of ideas, rather than a series of 
unconnected works. Chapter 2 .  General Methodology, provides a 
general description of the study area and details of 
procedures commonly used throughout the study (e.9.. staining 
procedures, cytological identification, measurement of stream 
variables). nethcds specific to any one chapter are given 
under the Materials end Methods section of that chapter. 
Finally, there has been a proliferation of jargon in 
siauliid taxonomy over the past 3 0  years. The terms 
cytospecies, oytotype, amospeoies, rymotype, forms, 
morphospecies. complex and group are commonly encountered In 
the literature (Rothfels et a. 1978; Rothfels 1979, 1981a. 
1987; Crossk~y 1981. 1987). Rathfele (1987) pointed out that 
'species' implies reproductive isolation between populations, 
with prefixes (cyto, norpho, z m o )  simply indicating the 
nature of the supporting evidence. 'Type' on the other hand, 
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ie a more provisional designation. A 'complexr refers to an 
assemblaga of cytorpeoias within s morphospecies (e.91, s. 
~ n u s t u r l v e r e s ~  complex) and a 'group' refers to a number 
of closely related morphospecies (Crosekey 1981, 1987). 
Far simplicity and to avoid excessive jargon, I have 
elected to use the tern sytotype for all members of the S. 
v ' , a u s t ~ ~ l ~ e r e c u n ~  complex. For example, CC and CC1 are 
distinct from CC2 venueturn. However, it is not certain whether 
cc is distinct from ccl (Rothfels et a. 1978). Using the tern 
cytotype when referring to CC and CC1, but cytospecies when 
comparing ccz to CC xmu&m or C C ~  EDL&U or both, 
creates unnecessary confusion. Furthermore, larvae cannot 
always be unequivocally identified. For example, CC2 xsnwLu 
and CC3 yenuEtun females, in many cases cannot be separated 
chrolnosoma .ly (Rothiel. 1981a). Therefore in the present study 
they were grouped as CC2-3 xguiatw. Referring to CC2-3 
vanustu. as a cytoapecies is clearly incorrect, but the term 
cytotypa is aoceptable as fenale CCZ-3 xa!&&!m were 
distinguishable on cytological grounds from other members of 
the complex in Newfoundland (Rothfels 1981a; see chapter 31. 
In order not to second guess other authors, I have used the 
tarminolagy quoted by those authors when referring to other 
complexes. 
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TABLE 1.1. Scream factors associated with the 
macrodistribution of larval and pupal black flier'. 





~aitland and Penny 1967 
Chutter 1968 
Rilhm 1970 
L ~ W ~ S  and Bennett 1975 
carlrson et a. 1977 
Reisen 1977 
c01b0 and Moorhouse 1979 
Rdler and Kim 1984, 1986 
Herrhey and Hiltner 1988 
  or in and Peters 1988 
Zahar 1951 
~avies and syme 1958 
Anderson and Dicke 1960 
Maitland and Penny 1967 
Rilhm 1970 
Lewis and Bennatt 1975 
wiliiants and nynes 1976 
Boobar and Granett 1980 
Grunewilld 1981 
MohSen and Mulla 1982 
ndlee and Kim 1984 
  or in and Peters 1988 
Discharge (high, low. stable, Zahar 1951 
fluctuatinq) and flow pattern Yakuba 1959 
(turbulent, calm) Chutter 1968 
Dnicpn ,477 
. 
Mohsen and Mulla 1982 
Tovnsend & 81. 1983 
Water tempernture Zahar 1951 
~avies and Smith 1958 
Davies and S p a  1958 
Anderson and Dicke 1960 
~aitland and Penny 1967 
Tharup 1974 
Ladle gf a. 1977 
9 e i e m  1977 . -.  .. . - 
Lascala 1979 
Grunewald 1981 
Mohsen and Mulla 1982 
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TABLE 1.1 continued.  
Stream f a c t o r  Reference 
Water temperature Adler and Kim 1984, 1986 
(continued) Adlee 1986 
P i s t r a n g  and Burger 1988 
Water chemistry 
(pH, d i s so lved  
oxygen, i o n i c  
content ,  p o l l u t i o n  
e t c .  ) 
Stream s i r e  (width)  
o rde r  ( l s t ,  Znd, e t c . )  
type ( temporary,  permanent) 
Food quan t i ty  and joe  q u a l i t y  
Terrain,  oanopy cover, 
r i p a r i a n  vege ta t ion  
Carlsson 1967 
Stone and snoddy 1969 
Gl6 tze l  1973 
Ili e t  al. 1974 
G;inGa= 1976, 1981 
QuillCvCrC nf a. 1976,1977 
Grunewald et a. 1979 
Gordon and Cupp 1980 
Townsend et al. 1983 
Adler and Kim 1984, 1986 
Gordon 1984 
pi st rang and Burger 1984 
Corkum and Currie 1987 
Zahar 1951 
Davies and Syme 1958 
Anderson and Dicke 1960 




Adle? and Kim 1986 
Corkum and Cur r i e  1987 
SchrLider 1988 
Ciborowski and Adler 1990 
cae l s son  1967 
Mait land and Penny 1967 
Chu t t e r  1968 
G16tzal  1973 
~ h o r u p  1974 
ca r lneon  et a. 1977 
Ladle & a. 1977 
Wotton 1979 
Morin and Pe te r s  1988 
Sche6der 1988 
Zahar 1951 
Davies and Smith 1958 
Anderson and Dicke 1960 
Bishop r973 
TABLE 1.1 continued. 
stream factor Reference 
-- 










Colbo and Moorhouse 1979 
Mohsen and Mulla 1982 
Adler and Kim 1984 




Anderson and Diske 1960 
carlsson 1967 
Stone and Snoddy 1969 
It-nwa 1971 
-. . . . . . .
Tharup 1974 
carlsson & al. 1977 
Sheldon and Oswood 1977 
CarlSSon and nullar 1978 
Glatthaar 1978 
COlbo 1979 
WottOn 1979, 1982. 1987 
Adler and Kim 1986 
Oleinicek 1986 
corkurn and currie 1987 
Morin and Peters 1988 
Pistrang and Burger 1988 
Ciborowski and Adler 1990 
Chutter 1968 
Wotton 1982 
Harding and Colbo 1981 
Hershey and Hiltner 1988 
Lewis and Bennztt 1975 
Zahar 1951 
RUhm 1972 
carlsson S &I.. 1971 
Ladla & ?;. 1977 
WOtton 1979 
deMoor & f;l .  1986 
'Macrodistribution defined as the distribution of larvae 
between streams or sections thereof. 
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TABLE 1.2. Stream f a c t o r s  a s s o c i a t e d  wi th  t h e  
mic rod i s t r ibu t ion  of l a r v a l  and pupal  black f l i e a ' .  
s t ream f a o t o r  Reference 
Larva l  s u b s t r a t e  Ulfstrand 1967 
( a v a i l a b i l i t y ,  s u i t a b i l i t y )  Decamps & LL. 1975 
Hudson and Hays 1975 
deMarch 1976 
Rabeni and Minehall  1977 
Colbo and Moorhouse 1979 
Boobar and Grone t t  1980 
Reice 1380 
Geegg and Rose 1985 
ROhn and Pegs1 1986 
Malmquist and O t t o  1987 
nor in  and P e t e r s  1988 
oes et a. 1989 
pruess 1989 
Water v e l o c i t y  
Discharge 
Ph i l l i p son  1956, 1957 
Maitland a n d  Penny 1967 
Ulfstrand 1967 
Chutter  1969 
DLcamps et a. 1975 
Lewis and Bennett  1375 
Minshall and Hinshall  1977 
Reisen 1977 
Colbo and Moorhouse 1979 
~ersabeck and n e r r i t t  1979 
Boobar and Grane t t  1980 
orbourne % a. 1385 
Wotton 1985 
Yamagata and Kanayama 1985 
deMoor & al. 1986 
Morin & al. 1986 
Rlihm and Pegel  1986 
Morin and P e t e r s  1988 
Ciborowski and Craig 1989 
Wetmore et 1. 1390 
Lewis and Bennett  1975 
Reisen 1977 
Gersabeck and M e r r i t t  1979 
Eynann and  Friend 1987 
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TABLE 1.2 continued. 
stream E a c t o ~  xeferenee 
Flow pa t t e rn  
( laminar,  turbulent ,  
s u b c r i t i c a l .  c r i t i c a l .  
Maitland and  Penny 1967 
Decamps & a!.. 1975 
Calbo 1979 
Orth and Mauqhan 1983 
osbourne & a. 1985 
~Uhm and Pegel  1986 
Wetmore & 91. 1990 
Food a v a i l a b i l i t y  Ciborowski and Craig 1989 
Canopy cover Towns 1981 
o u t l e t s  Morin et a. 1986 
Bio t io  i n t e r a c t i o n  
(p reda t ion ,  competi t ion.  
e t c . 1  





CDlbo and Moorhouse 1979 
Gersabeck and M e r r i t t  1979 
Wiley and Kohler 1981 
Hemphill and  Cooper 1983 
Hart 1986 
Rilhm and Pagel  1986 
Malmquict and O t t o  1987 
~ymann and Friend 1988 
Ful le r  and d e l t a f f a n  1988 
Hemphill 1988 
Ciborowski and Craig 1989 
Ulfrtrand 1967 
Chutter  1969 
Lewis and Bennett  1975 
Reisen 1977 
Gersabeck and X e r r i t t  1979 
Cranett  1979 
Yamagata and  Kanayama 1985 
Marin & a. 1986 
norin and P e t e r s  1988 
Pruess 1989 
GerGabeCk and M e r r i t t  1979 
+ M i ~ r o d i s t r i b u t i o n  de f ined  as d i s t r i b u t i o n  o f  l a rvae  wi th in  a 
smal l  (< loom) s e c t i o n  or stream. 

TABLE 1 . 3  cnntinued. 
C Y n m P E  IS IL 11.5 IIL 111s IIIL 
c c 3  ss ss cc IIL-1 ss si ss u IIIL-5 sli 
Que. 
M". 
ii P IIIL-5 ili 
A l t a .  XZTTIL-5 i 
Nfld. (2% = S, Que.) 
sask. Y:IIIL-5 r 
plus several 
other in". 
CC4 ymu&m s ss CC ss ss u IIIL-5 SO si 
A l t a .  Q TTTL-5 ss 
AC(gb1 Ntld. S8 89 UL AC 
11L-1 8s si SB IIIL-5 ii 
ii 
~ u e .  cc (rare) 
N.H. 
N.Y. 
TABLE 1.3 continued. 
CYTONPE IS IL 11s IIL ITIS IIIL 
U/C 55 88 U HlC IIL-I ss si 88 =a 





JJ EE 6s JJ 56 sE TTTL-5 s5 
oragon 
AA SS IL-I ii AA IIL-1.2 ii ss IIIL-1 ii 
(= s. y-?) IIL-4 95 si 
Fa. 
IIIL-2 ii 
ii IIIL-3.4 ii 
Nfld. 




A/C verecunduro ss 11-1 ii d A/= PS3 ii SS IIIL-1 ii 
(= S. yerecundun?) V AlA PSSIIIL-1.2 
IIL-1.2 ii 
1IIL-2 ii 
N.Y. IIIL-3.4 ii 








TABLE 1.3 continued. 
CYTOTYPB IS IL IIS IIL 111s IIIL 
CC verecundum ss IL-1 ii CC PS3 ii ss IIIL-1 ii 
Que. sad.  ? PS3lIIL-1.2 ITL-1.2 ii 
IIIL-2 ii 
TTIL-3.4 ii 
PS3 = 111-1.2.3 plus 4 or 
more inv. 
(amplex) 
Am verecundum 5s 1L-1.2 ii AA b IIL-5.6+4/ ss IIIL-1 ii 
(- s. rostratm,) 
Holarctis <c AD
IIL-1.2 





X:IIL-5.6+4 plus other 
y:11L-1,2 inv. 
plus other inv. 
very complex 1111-5 r s  
c-on sequences: 

FIG. 1.1. T w i c a l  amearance of a feulqen stained s i lau l i id  
sa l ivary  g i i n d  c a i i  polytene ~hroaisome, showing t h e  
character i s t i c  l i g h t  (repeat DNA) a n d  dark (areas of g e n e t i c  
a c t i v i t y )  bands. This particular example is  the I1 chromosome 
(S = short arm, L = long arm) taken from o female ElGjC. 
s i s t e r  homologuas (arrows) and the centromere (C) a r e  w e l l  
i l lus trated .  (Note that the  l a s t  1 0 1  of  I I L  is cut of f  i n  t h i s  
photograph) 

  his study is primarily of the lart larval instnr, 
although limited information is presented on oviposition 
(chaptars 4 and 31, pupal distribution (chapter 7) and 
dispersal of adults (chapter 61. Emphasis is placed on lart 
larval instars beoause: i) this stage produces the best 
chromosomal preparations (Faraday pars. soma. 1986; Hunter 
1990) and; ii) data IS standardized by being based on a single 
stage of the life cycle which is easily identified by the 
size, shape and color of the histoblast. Therefore, unless 
indicated otherwise, all results prasented here pertain tothe 
last larval instar. 
study area 
The study area included streams occurring on 
Newfoundland's Avalon Peninsula (9000 km') which lies between 
4eS.35, - 4B0.11' N and 54..13' - 52 ' .38 '  W (see Fig. s.1). 
The hydrology and water chemistry of Newfoundland streams has 
been reviewed by Jamieson (1974) and Larson and Colbo (1983). 
In brief, much of the island's land mass is a rscently 
glaciated plateau, elevated sharply over much of the coast 
line. This results in many streams having a low gradient over 
most of their length and then descending rapidly into the sea. 
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Hence drainage basins do not show the 'typical' graded stream 
profile. Water flow is usually lowest from July to September, 
but seasonal variation in precipitation can produce relatively 
high water levels throughout the year. Stream temperatures are 
coo1 and only rarely exceed 2SDC. Waters on the bvalon 
Peninsula are midie and have low nutrient levels. 
The climate of insular Newfoundland has been reviewed by 
Banfield (1983) and the fallowing account is taken from this 
source. Island climate is greatly influenced by its proximity 
to the Labrador current and the extensive cold ocean surface 
of tha North Atlantic. On the Avalon Peninsula annual 
precipitation varies between 1200 - 1700 mm. Winters are 
usually mild with less than half of the precipitation falling 
as snow. Summars are cool with frequent sea fog. nus to the 
cool climate, davelopment of most insect species is a nonth or 
more behind mainland populations ( e . g . ,  Lewis and Bennett 
1974). 
Most of the Avalon Peninsula falls within the Maritime 
barren ecoregion (Damman 1983). The region is characterized by 
a mixture of barren areas (consisting largely of dwarf shrub 
heaths, bogs and shallow fans) and forested seutions 
dominated by balsam fir (Abies balsameal. other trees common 
to this area include white birch ~aovriferal, white 
pine (Pinus strobus), alder (I\lnus h) , black spruce 
(m -1, white spruce (Picea alauca) and red maple 
(Ace2 rubrun0 (@amman 19831. 
38 
~y to taxonomlc  procedures 
Unless s t a t e d ,  chromosome ana lys i s  was r e s t r i c t e d  t a  l a s t  
l a r v a l  i n s t a r s  ( i . e . .  l a rvae  with d i s t i n c t  h i s t o b l a a t s )  an 
recommanded by Feraday (pe r s .  =om. 1986) ( a l e 0  see Lake and 
 urger 1983; P i r t r a n g  and Burger 1988; Hunter 1990).  A l l  
l a r v a l  f i e l d  c o l l e c t i o n s  vere held on i c e  f o r  t r a n s p o r t a t i o n  
t o  t h e  l abora to ry .  I n  t h e  l abora to ry ,  l a r v a e  were f ixed  i n  3 - 
5 changes o f  a c e t i c  e thano l  (1:3),  depending on t h e  amount of 
d e b r i s  p resen t  i n  samples. Larvae were then  s toeed  i n  a c e t i c  
e thano l  a t  4'C u n t i l  needed. The polytene s a l i v a r y  gland 
chromosamez. wela s t a i n e d  us ing  a modi f i ca t ion  of t h e  Rothfe l s  
and Dunbar (1953) procedure. Changes t o  t h e  procedure were as 
follows: 
i )  f i x e d  l a rvae  were soaked i n  d i s t i l l e d  water f o r  1 0  
mi" 
i i )  hydro lys i s  o f  l a rvae  was f o r  20 nrin at 65 - 70.C 
i i i )  t h e  SO, r i n s e  vrr elinlinated 
These changes t o  t h e  s t a i n i n g  procedure g r e a t l y  improved 
chromosome prepara t ion  qua l i ty .  Larvae so sicained were 
i d e n t i f i e d  ueing t h e  chromosome maps and d e s c r i p t i o n s  of 
Rothfe l s  & a. (1978) and Rothfele (198la) (see Table 1.31. 
Larval  segreqa t ion  was barad an invers ions  found on t h e  11s. 
IIL and I I I L  arms. Stained larvae could a l s o  be  sexed. 
POI. purposes of t h i s  s tudy ,  CC2 and CC3 vere grouped as 
CC2-3 beoause t h e  IIL-1 inversion found as t h e  sex arm segment 
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in female cc2 floats in cc3. ~ h u r  routine  p para ti on between 
these cytotypes was difficult, especially in nixed 
populations.   he high sex exception rate of cc2 (a 101) 
reported in Newfoundland (Rothfels et d. 1978) further 
confounded separation. Although males can be separated on the 
IIIL arm (u CC2 = IIIL-5 ii; u CC3 - IIIL-5 sli), this is s 
difficult inversion to identify in poor material. Where 
possible, CC2 and CC3 were treated asparately. The grouping 
of these cytotypes is juetiiied as the distinctiveness of 
various members of the 'CC group' (i.e., CC, CC1, cc2, cc3, 
and Cc4) is uncertain (Adlar per. corn. 1987). Rothfels 
suggested (1981a. Fig. on p. 26) that CC2 and CC3 were closely 
related. 
nsasuremlmts of stream oonditiens 
Conductivity, pa and dissolved oxygen. Conductivity was 
measured with a Yellow Springs Instrument Co. (model 58901 
conductivity-salinity meter. At the beginning of each field 
season the meter was oalibrated with a solution of KC1 
(0.715g/L) over a temperature range of o - 25-C. Because 
stream ~onductivity varies with tenpsrature (Reid and Wood 
1976). water temperature was noted at each reading and 
conductivity expressed as ~Slcm at 25.C. strean pH was 
measured with a Lamotte Instrument pH neter that was 
calibrated before each reading with buffers of known pH. 
 iss solved oxygen (mg/L) was measured with either a dissolved 
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oxygen meter (Cole-Palmer DO meter, model 5513-60) or by field 
titrations (Mach chemical kit, modal CA-lo). The meter was 
calibrated veeXly using a solution of sodium aulfita as 
recommended by the manufacturer. 
water temperature. Water temperature ( * C )  at the time of 
sampling was measured with alcohol or mercury filled hand-held 
thermometers. Each thermometer w a r  calibrated for accuracy at 
0, 37 ,  and loo0c before being taxen into the field. weekly 
minimum and maximum water temperatures were recorded with 
maximum-mininun thermometers (Sybron Ltd., modal 5460). These 
thermometers ware calibrated against hand-held themmeters 
before being used. 
Besten: Water was collected 1 - 3 n above a sampling 
station by placing a capped 1-1, polyethylene bottle just above 
the stream bad. The cap war then removed allowing the bottle 
to fill. Bottle contents Were strained through a 1 m'plastic 
mesh to remove larger debris and then placed on ice for 
transport to the laboratory. Three water samples wera taken at 
each sampling station. In the laboratory, the amount (ng/L) of 
suspended solids (diametar = 0.45 - 1000 un) was determined by 
filtering the contents of each bottle through pre-weighed 0.45 
11111 Millipore" membrane filters using a vacuum pump, drying at 
60'C for 24 h and reweighing the filters to the nearest 0.01 
mg. Samples from each site were averaged. 
stream bed, riparian vegetation and canopy =over. There 
wera all estimated by visual inspection. A modification of the 
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Wentworth system (Tabla 2.1) was used to olassify the stream 
bed as mud. sand, small stones, rubble or boulders, based on 
the size (diameter) of the predominant benthic particles. 
Visually estimating aspects of the stream bed is a common 
procedure 1e.g.. statrner et &I.. 1988). Riparian vegetation 
war categorized as open, brush, or forest (Table 2.1). f he 
extent of canopy cover was estimated as none, partial or 
complete. 
stream velocity, depth, width and order. water velocity 
was measured with an Ott meter (2.5 om diameter propallar) at 
various depths, depending on the particular invsstiqation. For 
each reading the propeller was positioned in an upstream 
direction and valooity estimated from a 15 s reading. Usually 
a second reading war takan and results averaged. Depth was 
measured with either a metal wading rod or netsr stick. 1" 
nost Cases depth was measured at 3 - 5 equidistant locations 
(depending on stream width) along a line running 90. to the 
Stream bank. Usually 1 - 3 lines were measured at each site. 
For certain investigations (chapter 7) single point readings 
were required. Width was measured with a meter stick (small 
streams) or tape measure (large streams). Stream order war 
taken from 1:50000 t ~ p ~ g r a p h i ~ a l  m8PS 
Larval rearing prosedurss 
Whan required (chapters 4 and 5 )  larvae were reared in 1- 
L plastic containers (500 mL of water) using the stir-bar 
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rearing ayeten of Colbo and Thompson (1978). Either 
dechlarinated (i.e., tap water allowed to stand for 24 - 48 h) 
or distilled water was used. Larvae were fed TETRATM fish food 
(Tetra Werke, West Germany) prepared by blending food in 
distilled water for 1 min. Food dosage administared to larvae 
varied with the requirements of each study and is given in 
appropriate chapters. 
Bead capsule measueemsntr 
Head capsule measurements of last larval instars ware 
used an several occasions to establish sire-temperature, size- 
velocity and siae-depth relationships and t o  detect simple 
allonetry of size. In each case last inatar larvae were 
Cleared in a 10% KOH solution for 12 h and run tbough an 
ethanol (70 - loo*) series (Adler 1983). Head sapeules were 
then removed from each carcass, placed in depression rlidea 
with glycerol and measured with an ocular micrometer fitted 
into a compound scope. Viewing aach head capsule from above 
and using the terminology of Chance (1970) the fellowing 4 
linear head capsule measurements (Pig. 2.1) were made: i) CAW 
- cephalic apotone at the widest point; ii) HCW = head capsule 
at tho widest point; iii) HCL = length between the lateral- 
dorsal aspect of the postantenrial buttress to the lateral- 
dorsal aspect of the postocciput and; iv) PAW - distance 
between the dorsal aspect of the paatantennal buttresses. 
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General statistical procedures 
General statistical methodology followed ~lliott (1977). 
sokal and Rohlf (1981) and Zar (1984). Statistical and 
sampling procedures specific to a particular investigation 
(e.g., microdistribution, allonetry) are detailed in the 
appropriate chapter under the Materials and Methods section. 
A11 statistical tests were oonsidered significant at p < 0.05. 
The ~0eEficient of variation (CV) was used to compare the 
amount of variability among eamples relative to sample means. 
CV was used when comparisons ware among dissimilar groups 
(e.9.. different head capsule characters) or among means of 
different orders o€ magnitude (e.9.. larval abundance over 
time). W ,  expressed as a percent, was calculated (Zar 1984) 
as: 
[I] CV - (meanlstandard deviation) x 100 
Heterogeneity of variancevas detectedusingtha Bartlett 
and P,tests (Sokal and Rohlf 1981; Zar 1984) and departures 
from normality following Ryan & a. (1985). In cases where 
heterogeneity of variance and/or non-normal distribution were 
encountered, data were either transformed or nanparametrio 
procedures used, the particular course of action dependant on 
the peculiarities of each data set. When sample variance 
exceeded the mean and data were skewed to the right a loglo (y 
+ 1) transformation was considered appropriate (Elliott 1977; 
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Allan 1984; Montgomery 1984). other transformations unique to 
a particular data set 1e.q.. chapter 7) are detailed in the 
appropriate chapters. 
Multiple sample hypotheses testa oomonly usedthroughout 
this study Were the parametric one way analysis of variance (= 
ANOVA) and the ~ruskal-Wallis nonparametric analysis of 
variance. ANOVAS were used on raw or transformad continuous 
variableswhen the assumptions of normality and homogeneity of 
variance were approximated, otherwise the Kruskal-Wallis 
procaduras were used. Ordinal data were also subjected to 
~ruskal-wallia procedures. 
Multiple conparisons among groups for significant ANOVAS 
were performad using the Tukey test. Significant Kmskal- 
Wallis t ~ t s  were further analysed with Tukey-type multiple 
comparisons baaed on either q,..r, (equal sample sire among 
groupa) or Q.,k (unequal sample size) where 11 = 0.05, lo - df, 
and k = number of groups (zar 1984). 

PIG. 2.1. Head capsule measurements of last larval instars 
usedto examine size-temperature, size-velocity and sire-depth 
relationrhips and to deteot simple allometry of size. 
CAW - cephalic apotome at the widest point 
HCW - head capsule at the wideet point 
HCL = length between the lateral-dorsal aspect of the 
postantennal buttress to the lataral-dorsal aspect of 
the portocciput 




CYTOTYPE FAUNA OF THE AVALON PENINSULA 
INTRODUCTION 
This chapter briefly summarizes cytological 
identifications made during the course of the present study. 
The intent here was to: i) establish which cytotypes occur on 
the Avalon Peninsula; ii) deternine how reliably they can he 
distinguished and; iiil document the frequency of sex 
exceptions and autosoma1 polymorphisms. Because the present 
work was concerned primarily with oytatype ecology rather than 
with rilnuliid population genetics, emphasis was plaoed on 
taxonomic separation of study populations. 
MATERIALS AND WETWODS 
Cytotaxonomic identifications followed procedures 
outlined in chapter 2. Specimens were not necessarily  cored 
for all inversions not required for identification, therefore 
the number of larvae scored for a particular inversion will 
not necessarily equal the number of larvae identified. 0-teats 
Were employed for statistical analysis of polymorphic 
frequencies. 
A total of 4758 larvae were successfully cytotyped. lit 
least 6 cytotypas were found to occur on the Avalon peninsula 
Whioh included EFGlC -, CCZ-3 (combined cCz 
and CC~), ~ ~ ( g b )  -, M Yerecundy. and ICD verecunduln 
(Table 3.1). 
BsQlC yanvstvl 
EFGlC is distinguished by the EFG inversion complex on 
the ITS arm and standard sequencar on all others. The 11s is 
differentiated as the sex determining arm (V = EFGjEFG and 6 
- EPGlC, Table 1.3). Sex exceptions (6 = EFGIEPG and C/C; V = 
EFGlC) were occasionally found on the Avalon Peninsula (Table 
3.2). In addition, 1 A/C (a), 3 AIEPG ( 9 ) .  5 IIL-1 = si (36, 
lo, I?) and 10 IIIL-5 = si (86, 29) exceptional heterozygoter 
were also found (Table 3.2). 
CCZ yet#mQm .na CC3 XeZEaQm 
Table 3.3 summarizes the cytological identifications of 
all larvae where 11s = CC, in addition to having the IIL-1 and 
IIIL-5 inversions (fixed or polymorphic). Males where IIIL-5 
- ii (n - 511) were identified as cC2; individuals with IIL-1 
= e/i were considered typical end those in the homozygous 
states sex exceptions. Males with IIIL-5 = r/i (n = 135) were 
identified 8s CC3. As previously noted (chapter 2) CC2 and cc3 
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females are difficult to separate, accordingly females with 
the homoaygous inverted IIIL-5 sequence (n = 109) were groupad 
as CC2-3. Males and unrered larvae polymorphic for the IIL-1 
inversion but not scored for the IIIL-5 inversion, as well as 
unsened larvae found to be homoaygous inverted for tho IIIL-5 
inversion (n = 103) were also designated as CC2-3. 
Bared on male identifications (n = 646) cc2-3 consisted 
of 79.1% CC2 (CI = 75.8 - 82.2%) and 20.9% CC1 (CI = 17.8 - 
24.2). The distribution of the IIL-1 inversion was 
significantly different (G,. = 189.0, df - 5, p < 0.001) in 
male cc2 and CC3.  he heteronygous state wan most frequently 
found in CC2 males (83.OI) and ho~lozygous standard the most 
common sequenae in CC3 (63.11) (Table 3.3). 
Other than CC3 males, larvae were almost invariably 
homozygo~~ inverted for the IIIL-5 inversion. Only 1 
individual out of 1330 scored larvae was found to be 
hom~zyqou~ standard for IIIL-5. Of the 639 females scored for 
the IIIL-5 inver~ion, none were honozygous standard, 4 were 
heterozygous and 634 were honozygous inverted. 
Aclgb) 
Idrvaa with 11s = AA 01 AC as well as a floating IIL-1 
inversion and IIIL-5 = ii were identified as AC(gb) (Table 
3.4). Distribution or the A sequence was partially sax linked 
(Gdl. = 139.9, df - 1, p c 0.0001) with males almost 
exclusively AC (AC = 96.5%; AA = 3.5%) and females 
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P r e f e r e n t i a l l y  AA (AA = 69.7%; AC = 30.3%) (Table  3 . 4 ) .    he 
IIL-1 polymorphism was independent  of  sex (G I , ,  = 3.05, d f  = 
1, p > 0.05) (Tab l e  3 . 4 ) .  OF t h e  264 l a r v a e  ecored f o r  t h e  
II IL-5 i n v e r s i o n ,  on ly  5 e x c e p t i o n a l  he t e rozygo t e s  ( I I IL -5  = 
si) were found (Table  3.4) . 
M yereandm 
AA is c h a r a c t e r i z e d  b y  t h e  AA r equanoe  on t h e  11s  arm, 
the IIL-1.2 ( f i x e d )  and ITL-4 ( f l o a t i n g )  i nve r s ions  on t h e  IIL 
em and t h e  I I I L - 5  = ss (Table  1 .3) .  Of t h e  1093 l a r v a e  s co red  
f o r  t h e  11s arm few excep t i ona l  AC he t e rozygo t e s  (2d. 39) were 
found (Table  3 . 5 ) .  The IIL-4 i n v e r s i o n  was c a r r i e d  ( e i t h e r  
he t e rozygo t e s  or homozygotes) i n  30.3% of  l a r v a e  s co red  In = 
942 ) .  The f r equency  of t h i a  i n v e r s i o n  was independent  o f  sen 
(o,,l, = 3.27, d f  = 2, p > 0.05) .  A11 802 l a r v a e  Sco red  f o r  
I I IL-5 were homozygous s t anda rd .  
ACD yeresundm 
One of  the  b a s i c  d i a g n o s t i c  f e a t u r e s  of ACD is t h e  IIL- 
5.6+4 sequence on t h e  X chromosome ( 9  = IIL-5.6+4/IIL-5.6+4) 
and t h e  IIL-1.2 sequence on t h e  Y chromosome ( d  - IIL- 
5.6+4/11L-1,2) (Table  1 . 3 ) .  The IIIL-5 i n v e r s i o n  is s t anda rd .  
A, c, and  D i n v e r s i o n s  occur o n  11s and  a l l  6 combinat ions 
were found i n  Newfoundland (Tab l e  3 .6) .  Frequency of  t h e  A, C, 
and D i n v e r s i o n s  was i ndependen t  of  sex (GdI, - 8 .30 ,  df = 5, 
p > 0.05) .  
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Since d iagnos t i c  invarsions on t h e  I I L  arm occur 
heterozygoualy i n  males but are of ten  homozygouo i n  females 
(Table 1.31, de ta i l ed  ana lys i s  of t h i s  arm was r e s t r i c t e d  t o  
t h e  l a t t e r  sex where inversion recognit ion i s  eas ie r .  The X 
chromoeamn aermense appeared t o  be X, (IIL-7+5.6.4.9) with 
35.7% of a l l  females examined (n = 395) showing add i t iona l  
polymorphism superimpa~ed on t h i s  invers ion  conplax. The most 
frequent poiynorphism (95 of 314 scored) war a small  inversion 
superimposed on t h e  l i m i t s  of t h e  IIL-6 invers ion .  The IIL-4 
inversion was cons i s t en t ly  honoeygous inver ted  i n  t h e  372 
females examined. A11 488 larvae (a and 9) scored f o r  IIIL-5 
vere homozygous standard.  
BXS/C 
Frequencies or EFGlc sex exceptions i n  Newfoundland ( u  = 
1.7%, V = 1.1%) v e r e  s imi la r  t o  those  found by Rothfe l s  &a. 
(1978) (a = 0.01, Q r 2 % )  i n  Ontario. Rothfels  d. (1978) 
sugges tad tha t  t h e  exceptional  female hetarozygotes (X:C) were 
t h e  product of crossrver. I f  t h e  sex locus  was looated j u s t  
outside t h e  EFG inversion complex, then crossover i n  
intervening sec t ions  would produce X chromosones t h a t  appeared 
' cy to log ica l ly1  as Y ( i . e . ,  X:Cl and v ice  ve r sa .  Thediscovery 
of the  rec ip roca l  crossover types (i.e., a = C/C and ENiIEPG) 
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i n  Newfoundland supports  a crossaver mechanism. The rare 
occurrence of t h e  A. IIL-I - i, and IIIL-5 = i invers ions  
(Table 3.2) probably represents a n o e s t r a l  r e l i c t s  t h a t  have 
not bean completely el iminated from t h e  population (Rothfe l s  
1981). ROthfeln &a. (1978) a160 noted t h e  occurrence of t h e  
A and IIL-1 sequences i n  Newfoundland populations.  
CCZ Y.nUStU. l.d CEI 
Seventeen pe rcen t  of CC2 males scored  f o r  the  IIL-1 
inversion were sex exceptions.  A previous preliminary survey 
found 7 (a and V) of the  77 l a rvae  examined t o  be sex 
exceptions (Rothfels  &a. 1978). I n  c o n t r a s t .  only 4 ( a l l  V) 
ou t  o f  131 a m r e d  l a rvae  i n  Ontario ware sex exceptions and in 
Pennsylvania b o t h  males and f s n a l e s  vDra honozygaus invartad 
(Adler and Kin 1986). As with EFG/C, Rothfe l s  & a. (1978) 
argued t h a t  CC2 sex exceptions were most l i k e l y  t h e  product of 
crossover and a g a i n  t h e  recover,; of  r e s i p r o s a l  crossover males 
(and presumably females, Table 3.3) suppor t s  t h i s  conclusion. 
C ~ O S S O V B ~  would produoe both X:IIL-1 = s and Y:IIL-1 = i 
polymorphism. Dispar i ty  i n  t h o  frequency of chromosomes 
~&-rying these  polymorphisms would account for. the geographic 
v a r i a b i l i t y  i n  sex exception r a t e s .  The IIL-1 inversion is an 
a v t ~ a o m a l  polymorphism i n  CC3 (Table 1.3).  I n  Newfoundland 37% 
of male l a rvae  c a r r i e d  t h i a  inversion e i t h e r  honozygoualy or 
heterozygously; presumably it occurred with a s imi la r  
frequency in females. Tne IIL-1 invers ion  was ra re ly  found in 
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Western Canada CC3 popu la t ions  (Adler  1986; Ciborowski and 
Adler 1990). 
Some CC2 popu la t ions  have r e t a i n e d  t h e  s t anda rd  sequence 
on IIIL-5 (Ro th fe l s  1981~11. n a l e  he te rozygo tes  can t h e r e f o r e  
occur i n  both CC2 and CC1 which would make some males 
ind i s t ingu i shab le .  As we l l ,  CCI c a r r i e s  an X chromosome 
polymorphism (1.. .. X:IIIL-5 = s) i n  ba th  no r the rn  Quebec (r 
2%) and Saskatchewan (ir 12%) (Ro th fe l s  1981a; Ciborowski and 
Adler 1990).  The v i r t u a l  absence of t h e  s t anda rd  IIIL-5 
sequence i n  CC2-3 females and the l a c k  of n a l e  s t anda rd  
hOmDZyg0teS CC2 O r  CC3 delnonatratee t h a t  I n  Navfoundland a 
s t anda rd  sequence r.:ely, i f  ever, occurs as an autosoma1 
p o l y m ~ r p h i ~ m  i n  CC2 or an X chromosome polymorphism i n  CC3. 
Males scored IIIL-5 - ii can be a s s igned  t o  CC2 and those  
scored IIIL-5 = e l i  t o  CC3 with a h i g h  degree  of  canfidence.  
Ninety-seven l a r v a e  met t h e  c l a s s i c a l  o r i t a r i a  For t h e  CC 
cy to type  (ITS = CC. I I L  = ss, I I IL-5  = i i )  and t h e  
p o s s i b i l i t y  t h a t  some of t h e s e  larvae belong t o  t h i s  taxon can 
n o t  be unequivocally r e j ec t ed .  At l e a s t  some of t h e r e  l a rvae  
are  undoubtedly CC3 (V) and CC2 (a and V sex excep t ions ) .  I f  
CC does indeed ocour on t h e  Avalon it would do  so i n  ve ry  low 
numbers and be a ve ry  minor p a r t  of t h e  t o t a l  cy to type  fauna. 
ac tgb)  xwc&&!m 
AC(gb) was f i r s t  described from l a r v a e  (n - l o r )  
co l l ec t ed  on t h e  Avalon Peninsula.  I n  t h e  o r i g i n a l  co1ler;tIona 
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ne i the r  t h e  A nor IIL-1 sequences were s t r o n g l y  re la ted  t o  
sex, though females t e n d e d t o  be AA and male t o  be Ac. ~ e s u l t s  
Presented here a l s o  found t h e  IIL-1 sequence was independent 
of sax.  A and C sequences in t h e  11s am were c l e a r l y  re la ted  
t o  sex 86 most males were AC and most females A&, though 
l i m a g e  war only p a r t i a l  as AA males and AC females a l s o  
occurred. Because l inkage  wa9 not complete, a low number of 
l a rvae  with t h e  CC sequence can be expected t o  occur (Rothfels  
.& 32. 1978; Rothiel6 pers. corn. 1986) which would be 
i n d i s t i n g ~ i a h a b l e  from CC2 males and CCZ-3 females. Based on 
the  frequencies of t h e  A and C inversions given i n  Tabla 3.3. 
approximately 7.0% of ACIgb) y.m!&&m could be expected t o  
have 11s = CC. Due t o  t h e  r e l a t i v e  s c a r c i t y  of AC(gb1 VenustU. 
it is extremely un l ike ly  t h a t  t h e  few 11s = CC individuals 
which may have been assigned t o  cc2-1 would compromise any 
analysis .  
Almost 27% of l a rvae  scored f i t  t h e  c l a s s i c a l  c r i t e r i a  
fo r  the A/c cytotype (11s = d A/C, V A/A; I I L  - ss; 
IIIL-5 = i i ) .  Although a l l  thsoe l a rvae  can be in te rp re ted  as  
belonging t o  AC(gb) xem&!m, t h e  p o s s i b i l i t y  t h a t  A/C 
venustun( occurs sporadic;ally on t h e  Avalon cannot be exoluded. 
The f a c t  t h a t  t h e  3 l a r g e s t  c o l l e c t i o n s  o f  AC(gb) (n = 30. 20. 
20) ware a l l  i n  Hardy-weinbarg equil ibrium suggests t h a t  
larva= have been c o r r o s t l y  assigned t o  t h e  AC(gb) sytotype.  
As with ePG/C, t h e  rare occurrence (1.91) of the standard 
sequence of t h e  IIIL-5 inversion can most e a s i l y  be explained 
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as an ancestral r e l i c t .  
IUL verecundu. 
I t  i s  unclear whether M veracundum, A/C verecundum and 
CC varecundum are d i s t i n c t  or a s ingle  polymorphic species 
(Rothfelr 198la). The Newfoundland population conforms 
s t r i c t l y  t o  the AA cytotype (11s = M, IIL-1,2 = i i ,  I l k 4  = 
EL, si or i i ) .  Exceptional 11s heterozygotes (Ac) were 
exceedingly rare (0.51) and most eas i ly  explainad as r e l i c t s .  
The IIL-1,2.3 sequence, common t o  A/C and CC verecundum, was 
never found. 
a c D  VBIOCY~~U. 
AcD is chromosomally extremely var iab le  and complex 
(Rothiela @ a. 1978) but it is t h i s  complexity t h a t  makes 
ident i f ica t ion  re la t ive ly  simple. D u e  t o  the extensive number 
of unique inversions on the 111 sex arm (Tabla 1.3) it is 
eas i ly  distinguished from other cytotypes and i n  almost a l l  
instances larvae can be unequivosally assigned t o  ACD. 
In  both males and females the  A inversion was most common 
on the 11s arm. Typically the  A and C inversions a re  most 
cornon i n  eastern North American populations and C and D most 
common in t h e  west (Rothfels S 81. 1978; Cordon and Cupp 
1980; Adlsl 1986; CYrcie and Adler 1986). The I IL sex a m  was 
examined i n  d e t a i l  only i n  females where t h e  basic sequence 
appeared t o  be 14, though a few larvae may have had the X,  and 
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X, sequences. The X, is typically eastern, X, typically western 
and the X, sequence generally distributed (Rothfels et &. 
1978). A11 3 Sequence6 can be found in eastern North America 
(Gordon and N p p  1980). 
1. Based on 4158 cytrlogical identifications of larvae taken 
from 72 sites during a 4 year period (1986 - 1989) it was 
found that at least 6 eytotypes occurred on Newfoundland's 
Avalon Peninsula. These were EfG/C venustu., CC2-3 venustun 
(combined CC2 and CC3) , AC(gb) venustum, AA vereounduln and ACD 
vereoundum. 
2. The possibility that low numbers of A/C xsmztgl and CC 
xsn&um exist on the Avalan cannot he excluded, although this 
seem5 unlikely. 
3. The dieoovery of EFG/C (X:C, Y:EfG) and CC2 (X:C, Y:IIL-1 
= 1) raciprocal sex exceptions supports the hypothesis that 
exceptional individuals are the product of crossover. 
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TABLE 3.1. Total number oe individuals of each cytotype 
identif ied from the  Avalon Peninsula from 1986 - 1989. 
:.a 
Cytotypa Number i O f  Total 
idontif iod 
EFC/C 1065 
c c 2 - 3  venustum* 
AC(qb1 
1465 
2 8 1  
PA- 1098 
ACD mecunduq 846 
'Based on 646 male ident i f i ca t ions ,  CC2-3 consisted of 7 9 . 1 1  
CC2 (CI = 75.8  - 82.2%) and 2 0 . 9 %  CC3 ( C I  = 1 7 . 8  - 2 4 . 2 % ) .  
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TABLE 3.2. Summary of inversions i d e n t i f i e d  on the  ITS, I I L  
and IIIL a r n r  oP t h e  EFG/C cytotype. 
Inversion Frequemy 
~a1e . s  ~emaies unsexed' 
'Larvae in w h i s h  sex cou ld  not  be determined. 
 umber of individuals  scored for a particular inversion.  
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TABLE 1.3. Summary of inversions Identif ied on the IIL and 
IIIL arms of t h e  CCZ and Cc3 venusfula cytotypea. 
Inversion Frequensy 
cc2 CCI CCZ-3 Other+ 
Males Hales Fenales 
'Larvae t h a t  could not be sexed and males that could not be 
soared f o r  the IIIL-5 inversion. 
*Number o f  individuals scored for a particular inversion. 
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TABLE 3.4. S m r y  of inversions ident i f iad  on the 11s. IIL 
and IIIL arms of the AC(gb) xem&lnl cytotype. 
Inversion Qreymency 
H a l e s  Females Unsexed' 
'larvae i n  which sex could n o t  be determined. 
"Numbar of individuals scored for a particular invarsion. 
TABLE 3 . 5 .  Sunnary of inversions idantipied on tBe 11s. IIL 
and IIIL arms of the AA verecundum cytotype. 
Inversion Frequency 
m l e s  Females Unsexed' 
'Larvae i n  which sex could n o t  be determined. 
"Number of individuals acered Por a particular inversion. 
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TABLE 3.6. Sumary of inversions identified on the 11s and 
IIIL a m p  of the ACD veeecundum cytotype. 
Inversion Frequency 
males Females 
'~umbar of individuals scored for a particular inversion. 
CHAPTER 4 
THE INFLUENCE OF TEWPERATORE ON LMVAL SURVIVAL, 
DEVELOPMENT, GROWTE llllD CBROMOSONW PREPmTION 
QUALITY 
Temperature is e primary factor c o n t r o l l i n g  s imul i id  
preimaginal  macrodistr ibution (Table 1.1) and population 
dynamics (Ross and Mar r i t t  1987). The r o l e  o f  ternpararere is 
c r i t i c a l  i n  understanding cy to type  eoology a n d d i f f e r e n t i a t i n g  
l i f e  h i s t o r i e s  wi th in  a complex. I n  add i t ion ,  d a t a  on 
appropr ia te  r e a r i n g  condit ions for i n d i v i d u a l  cytotypee and 
t h e  consequences of changing thane  oond i t ions  w i l l  g r e a t l y  
f a c i l i t a t e  t h e  establishment of l abora to ry  populations.  
Th i s  chap te r  examines t h e  e f f e c t  of temperature on l a r v a l  
s u r v i v a l ,  development, growth ( s i n e )  and ohromosome 
prepara t ion  q u a l i t y  of EFDJC, ACD, and AA. The study was 
r e s t r i c t e d  t o  t h e s e  Eytotypea because: i )  while t h e  
d i a t i n s t i v e n e a s  oP soma cy to types  is u n s e r t a i n ,  EFG/C, AA and 
ACD a r e  accepted as d i s t i n c t  from one ano the r  (Rothfe l s  1981a. 
1987; Adler pe r s .  corn. 1988); i i )  EPG/C e x i s t s  as a d i s t i n c t  
popu la t ion  from AcD and AA f o r  p a r t  of i t s  development 
( chap te r  8 ) .  a l l o w i n g t h e  c r t ab l i shment  of s e p a r a t e  l abora to ry  
c u l t u r e s ;  i i i )  bo th  t h e  ymn&m l i n e  (EFO/C) and t h e  
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verecundum line (ACD, AA) of the complex are represented 
(Rothfels & a. 1978); iv) with rare exceptions all 3 
cytotypes can be unequivocally identified cytoloqically in 
Newfoundland (Table 1.31 and; v) these cytotypes are found in 
the same habitat (lake outlets, see chapters 5 and 6). 
mTERIALB AND Il€-TBODS 
s ~ t ~ i ~ a l  and developmeat time 
Preinaginal blacX flies were collected from the outflow 
at Hughs Pohd (see chapter 8 for details of this rite) which 
is approximately 11 km W of st. ~ohn's, Newfoundland. Black 
flies were collected within 20 m of the pond outlet. 
Larval EPGIC were collected as first instars in early 
April (water temperature a I T ) ,  just after the ice cover on 
the pond had nelted. Larvae ware placed in a plastic container 
with a small amount of water and held on ice during 
transportation to the laboratory. To determine survival and 
development tine in the laboratory, larvae were reared in 1- 
L plastic containers (500 mL of water) using the rearing 
system of colbo and ~hompson (197s). Fifty larvae were 
pipetted into each container. Four replications were used at 
each 01 the test temperatures of 5 ,  10, 15, 20, 25 and 30 tl'C 
with containers of larvaa randomly assigned to each 
temperature. To decrease the possibility of themal shack, the 
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s t a r t i n g  water temperature f o r  a11 con ta ine r s  wan s 4'c. 
allowing a gradual  r i s e  t o  the  assigned rea r ing  temperature. 
Egg masses containing both ACD and A?. (sea Colbo and 
Por te r  1981) were co l l ec ted  from grasses  i n  l a t e  June and held 
on i c e  u n t i l  needed. At t h e  t ime of t h e  experiment, eggs vere 
t r ans fe r red  from s to rage  t o  0.5-Ldeep wall  d i shes  containing 
250 mL of d i s t i l l e d  water and 10 mL of blended TETRA (4.0 g/L 
so lu t ion) .  Aeration war supplied by aquarium punpa through 1- 
a l p i p e t t e s .  Dishes so equipped ware he ld  for 4 days a t  20'C, 
a t  which t ime maximum hatching occurred. F i r s t  i n s t a r s  vere 
then handled in t h e  same manner as EFG/C with t h e  exception 
t h a t  s t a r t i n g  water temperature of a l l  oontainers was 20 'Cto  
reduce thermal shook. Thus 2 l tbora to ry  p o p u l a t i m s  vere 
established,  one of pure EFG/C l ineage)  and another 
of mixed ACD-AA (yereoundum l ineage) .  
Addit ional  r e p l i c a t e s  of EFG/C and ACD-AA were reared a t  
20.C t o  t h e  l a s t  l a r v a l  i n s t a r .  These l a rvae  were then 
t r ans fe r red  t o  new con ta ine r s  and he ld  u n t i l  emergence .c 
eetinetedevelopmant t ime from theprepupa  ( i . e . ,  f i n a l  l a r v a l  
i n s t a r  with completely blaok h i s t o b l a s t )  .o adu l t .  
Larvae Were fed a d i e t  of TETRA a t  a dosage of  0.3 
mg/larva/day. Water was changed every 3 days and l a rvae  were 
checked da i ly .  An e n t i r e l y  black h i s t o b l a s t  indicated t h e  
completion of l a r v a l  development. 
Developmental time was expressed as both t h e  number of 
days and degree-days (D'C) r e w i r e d  t o  complete l a r v a l  
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development. Degree-days t o  complete development were cornputad 
f o r  each l a s t  i n s t a r  using t h e  formula: 
where D'C is developmental t ime i n  degres-days, d is the 
number of days t o  complete l a r v a l  development. T 1s the 
rea r ing  temperature ('C) and t is t h e  threshold temperature. 
Threshold temperature was e s t i n .  cd  following shipp and 
whi t f i e ld  (1987).  I n  b r i e f ,  t h e  rec ip roca l  of development time 
i n  days expresser development r a t e  (%development/day). t e a s t  
squares rageass ion  of development r a t e  on temperature 
es t ima tes  th resho ld  temperature ( t )  as t h e  x in te rcep t ,  1.e.. 
t he  temperature a t  which t h e  development r a t e  ( y ) ,  equals 
zero. Regression a n a l y s i s  followed Zae (1981).  
I n  o rde r  t o  compare l abora to ry  determined D'C 
requirements t o  f i a l d c o n d i t i o n s ,  v e e k l y ~ ~ l l e ~ t i o n ~  were made 
from Beachy Cove Brook f r a n  March 5 t o  J u l y  5. 1989. At each 
co l l ec t ion  t h e  presence of f i r s t  and l a s t  i n s t a r s  was noted 
and weekly temperatures monitored with a maiimum-minimum 
thermometer t h a t  was standardized a g a i n s t  a laboratory- 
ca l ib ra ted  themometec (chapter 2 ) .  Accumulated D 'c  were 
ca lcu la t sd  us ing  equation 1. 
QZOYth 
Head capsu le  measurements of EFG/C and ACD were used t o  
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d a t e m i n e  the  in f lvenca  of temperature on t h e  s i z e  of l a s t  
i n s t a r s .  Following t h e  methods given i n  chap te r  2.  CAW, HCW, 
HCL and PAW leng ths  were measured (F ig  2.1).  Because egg 
masses of t h e  verecundun l i n e  contained both ACD and AA, only 
cytotyped ACD la rvae  were used. A random sample o f  l a rvae  
v e r i f i e d  t h e  homogeneity of t h s  EFG/C population.  De ta i l s  of 
cy to log ica l  i d e n t i f i c a t i o n s  are given i n  the  r e s u l t s .  
Chromosome p repara t ion  q u a l i t y  
Early i n s t a r s  of wild ACD were used t o  determine t l le  
in f luence  of water temperature on chronoeome prepara t ion  
qua l i ty .  Three r e p l i c a t e s  o f  20 l a rvae  ware rea red  t o  t h e  l a s t  
i n s t a r s  a t  10, 15, 20, 25 f l ' c ,  i n  0.5-L deep w e l l  d i shes  wi th  
250 r n ~  of d i s t i l l e d  water.  water was changed every 3 days and 
l a rvae  were fed  TETRA (0.3 mg/larva/day). Aeration was 
supplied by aquarium pumps. 
Two l o t s  of l a s t  l a r v a l  i n s t a r s  ware ae les ted  from each 
temperature, s t a i n e d  Following t h e  procedure o f  RWhfsls and 
Dunbar (1953), and t h e  l o t  with super io r  p repara t ion  q u a l i t y  
chosen ear ana lys i s .  Se lac t i an  of t h e  bes t  l o t  fro. each 
temperature ensured t h a t  poor chromosome prepara t ion  q u a l i t y  
was not due t o  errors i n  s t a in ing .  As p a r t  of a p r o j e c t  
separa te  from t h i s  study,  EPG/C reared i n  t h e  Calbo and 
Thompson (1978) system a t  2 t enpera tu res  (15 and 21'C) and 2 
food dosages (0.6 and 0.06 mg/larva/day) were ava i l ab le  for 
r a t i n g  as well .  As with ACD, 2 l o t s  of l a r v a e  f r m  each 
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t r ea tment  were s e l e c t e d  for s t a i n i n g  and t h e  b e s t  l o t  used i n  
t h e  ana lys i s .  Chromosome prepara t ions  vere r a t e d  on 4 
c r i t e r i a :  
i )  ohromosoms s ize ,  
i i )  t h e  i n t e n s i t y  of chronosone s t a i n i n g ,  
i i i )  t h e  number of nuc le i ,  
i v )  t h e  degree of chromosome spread a f t e r  squashing.  
Each c r i t e r i o n  was r a t e d  on a s c a l e  or 0 t o  3 ( 0  = poor, 1 = 
f a i r .  2 = gocd, and 3 = e x c e l l e n t ) ,  wi th  an exce l l en t  
p repara t ion  c o n s i s t i n g  of many large,  we l l  spread,  da rk ly  
s t a i n e d  chromosomes. The sum of a l l  4 o r i t e e i a  was used as t h e  
datum for  each p repara t ion .  Chromosome q u a l i t y  i s  t h e r e f o r e  a 
measure of band d i sc r imina t ion  and t h e  ease of inversion 
recogn i t ion .  
Data analysis 
Pre l iminary  a n a l y s i s  of development d a t a  indicated hath 
he te rogene i ty  of va r i ance  and depar tu res  from normali ty.  
Because these  cond i t ions  vere r u r t h e r  oomplisated by unequal 
sampla s i n e s  between tenpeesturee,  d i f f e r e n c e s  in development 
t ime  between t r ea tment  groups vere d e t e c t e d  with xruskal-  
Wal l i s  a n a l y s i s  (Hd,,) and Tukey-type mul t ip le  comparisons 
( Q J .  n o  sample hypotheses were t e s t e d  with t h e  Mann-Whitney 
u t e n t  and where sample s i z e s  warranted it, t h e  z 
approximation was used. Data on ~hromosoma q u a l i t y  were 
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ordinal and sutjective, therefore also suited to xruskal- 
Wallis and Tukey-type (Q,,) procedures. 
P~equen~y of survival among temperatures, expressed as 
percents, was subjected to Chi square analysis; multiple 
E O ~ P ~ T ~ S O ~ S  were performed on the arcsine tranrfoned 
percentages, using Tukey-type multiple comparisons (p,e,k). 
Initial analysis of head capsule data showed slight 
departures from homogeneity of variance with some 
maasurenents, but no indications of departures from normality. 
Since treatments ware of equal sample size the analysis of 
variance is sufficiently robust  lass and stanley 1970). 
ANOVAS with eignificant results were further analyzed using 
the Tukey tent. 
C~tologioal identifications 
Cytological identificationof all surviving ACD-AA larvae 
(n = 422)  W ~ B  not possible, however, of 188 cytotyped larvae 
75.5% were ACD (CI = 08.7 - 81.5%) and 24.5% AA (CI - 18.5 - 
31.3%). Although data on survival and development time refer 
to a mixed ACD-AA population, cytotypes were treated 
separately when possible. Identification of a random sample (n 
= 91) of lared larvae confimed the honogeneity of the BFG/c 
oulture. Identification (n = 73) of reared early instare 
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collected in April as part of a separate study, as well as the 
results of chapter 8, show the early rprinq population in the 
section of Beaohy C o v e  Brook below Huqhe Pond to be pure 
EFG/C. 
Burviva1 
Temperature was found to have a profound effect on 
mortality. Both EFG/C and Acn-AA showed significant 
difierences in survival over the range of experinrenl.al 
temperatures (Table 4 . 1 ) .  The survival curve a€ EPGIC was also 
significantly different (C - 1 4 1 . 2 .  df = 5,  p < 0 . 0 0 1 )  Iron 
that of ACD-AA. Maximum survival of EFG/C occurred at 1 5  and 
2 0 %  and for ACD-M over the range of 1 5  - 25'C. 
Interestingly, EPG/C had a modest survival rate at 30 'C  
( 3 0 . 5 % )  whereas ACD-M was unable to complete development at 
this temperature. Both ACD and M were able to complete larval 
development at temperatures of 10 - 25 -C .  All 4 ACD-AA larvae 
whioh reachad the last instar at 5 - C  ware ACD. Due to the low 
survival at 5.C (EFG/C n = 2 ,  ACD-AA n = 4 )  data from this 
temperature were excluded from further analysis. 
D.v.l.peIt 
The Kruskal-Wallis, mkey-type multiple comparison and 
Mann-Liitney procedures used to analyze development data 
employ ranks rather than population parameters in statements 
of hypothesis end test calculations. However, for purposes of 
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comparison wi th  o t h e r  published work, means have a l s o  been 
included i n  ~ a b l e s  4.2, 1 .3  and 4.4. I n t e r e s t i n g l y ,  ANOVAS, 
~ v k e y  t e s t s  and t - t e s t s  of development d a t a  y ie lded  v i r t u a l l y  
i d e n t i c a l  conclusions t o  those  reached us ing  nonparametric 
procedures.  
  ha number of days t o  oomplete development s t e a d i l y  
decreased with inoreas ing tempera tu res  For both EFG/C and ACD- 
M  a able 4.2, Fig.  4.1).  Development was r e l a t i v e l y  
synchronous f o r  temperatures h 13.C where 90% of  l a rvae  
rea red  a t  the  same temperature completed development within 3 
- 6 days of each o t h e r  (Table 4 . 2 ) .  I n  c o n t r a s t ,  a t  1O.C t h e  
t ime  between t h e  F i r s t  appearance of f i n a l  i n s t a r  l a rvae  and 
90% of  larvae reaching t h e  f i n a l  i n s t a r  was between 11 - 13 
days  (Table 4.21. 
Regressions of dsvelopment r a t e  (Idevelopnant/day) on 
temperature were s i g n i f i c a n t  (EFG/C, P,,, = 83.11, p < 0.01; 
ACD. P,,, = 70.21. P c 0.051. The y i n t e r c e p t s  were no t  
s i g n i f i c a n t  (EFG/C, t = -0.82. df = 3, p r 0.05; ACD, t - 
-0.95, d f  = 2 ,  p > 0.05) and t h e r e f o r e  the  n u l l  hypotheses 
t h a t  the  regression l i n e s  passed through t h e  o r i g i n  1i.e.. y 
and x i n t e r s e p t s  = 0) cou ld  no t  be r e j a o t e d  (Snsdecor end 
cochran 1980) consequently,  r eg ress ions  were reca lcu la ted  
assuming y i n t e r c e p t s  (and t h e r e f o r e  th resho ld  temperatures)  
were equal t o  zero. The r e l a t i o n s h i p  between development and 
temperature ( p  < 0.001) f o r  EFG/C and AcD-nn, eepec t ive ly ,  was 
as follows: 
where %D is the mean %developmant/day and T is tho rearing 
temperature ('C). Slopes of the recalculated regressions did 
not differ significantly from each other ( t r  -0.978, dl = 5, 
p > 0.05) and can be replaced by the single equation: 
where 0.396 is the cononon regression coefficient. 
Mean dagree-days requiredto complete larval davalopment 
for EFG/C and ACD-AA varied at different rearing temperaturea 
(Table 4.2). Accumulated D'C to reach the final instar were 
greater at 10.C than a t  any other temperature (Table 4.2) and 
the greatest decrease in days to complete development ocourred 
between 10 and 15.C (Table 4.2). The Mann-Whitney U test 
found no significant difference in development time (days or 
DSC) between EPG/C and ACD-AA at lO'C ( e  = 0.56, p > 0.05). 
contrary to this, EFG/C required significantly less time (p < 
0.001) than ACD-AA to complete development st 20.C (z - 4.421 
and 25'C ( z  - 5.20). At 15'C it was possible to score all ACD- 
AA larvae and demonstrate significant differences in 
development tine between EPG/C, ACD and M (Table 4.3). 
Calculations of development time in the laboratory agreed 
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well with those i n  the f i e l d .  At an average stream temperature 
of 8 . 5 ~  (maximum - minimum thermometer) tho  time between t h e  
appearance of f i r s t  and l a s t  la rval  ins tars  of EFGlC war 
estimated t o  be 28 days (238 DOC). I n  t h e  labors-ory a t  a 
constant temperature of 1oSc, l e s t  ins tare  beqan t o  occur 25 
days (250 DOC) a f t e r  the experiment s tar ted .  A t  a mean stream 
temperature of 2O'C the time between the  appearance of f i r s t  
and l a s t  ins tars  of ACD-AA was P days (180 DqC), whereas i n  
the laboratory a t  a constant 2OSC, l a s t  la rval  i n s t a r s  ware 
f i r s t  observed a t  day 10 (200 P C ) .  
AS stained larvae could be saxad, sexual differences i n  
development time (days o r  DOC) could be ascertained. sex did  
not af faot  deevllopent time f o r  e i ther  ACD or AA a t  lSDC 
(Table 4.4, Fig. 4.2a). Results f o r  AA were based on a smell 
sample s ize  (n = 2 6 ) .  Male EFG/C reared a t  e i t h e r  15 or 20DC 
required significantly l e e s  time t o  reach t h e  l a s t  i n s t a r  than 
9 EFGIC   able 4.4, ~ i q o .  4.2b and 4.20). Development time 
fron the  prspupal stage t o  adul t  amsrganse did not d i f f e r  
between t h e  sexes for e i t h e r  EFGIC o r  ACD-AA (Table 4.4). 
(iroytl, 
Morphometric analysis of 4 head capsule measurements i s  
given in  Table 4.5. Rearing temperatures had a s igni f icant  
e f f e c t  on la rval  s ize  as judged by head capsule size. Means of 
measurenets differed s igni f ia-n t ly  between rearing 
tenperazures (10 - 30-C) f o r  EFGIC. Mear~s of 3 of these 
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characters shoved differences between tenperatures I10 - 25-C) 
for ACD. The mean sire for each character was consistently 
largest at 10°C (Table 4.5). With the exception of PAW (t = 
2.98, df = 125, p < 0.01) no significant differences (p > 
0.05) in mean head capsule measurements were found batween 
EFGlC and ACD (data 10 - 25-C orlbined) indicating these 
cytotypes were of similar size. 
Chrem0sme quality 
ACD larvae reared at 10 and 15-C produced better quality 
ohromosme preparations than those reared at the soma food 
dosage but at temperatures of 20 and 2S0C (Tabla 4.6). Mann- 
Whitney tests showed no significant differences (p > 0.05) in 
chromosome quality between EFG/C larvae reared at the same 
food dosage but different temperatures (15 vs zloc at 0.6 
mgllarvs/day, U = 116.5,,,,; 15 vs 21.C at 0.06 mg/larva/day, 
u - 192.5%.). Consequently, data from larvae reared at the 
same food dosage were combined. Larvae fed at 0.6 mgjday (n = 
31) showed significantly greater chromosomaquality ( z  = 4.16, 
p < 0.001) than larvae fad 0.06 lngjday (n = 37). regardless of 
rearing temperature (15 or 2 1 9 .  
sansingh and s t e e l e  (1973) found t h a t  between 4 - Zo'c, 
l a r v a l  ~ ros imul iym Petseson had the lowest  s u r v i v a l  
a t  20.c. $ t e o o ~ t e r n a  ~ a l l o c h  i s  a l s o  s e n s i t i v e  t o  h igh  
temperature,  wi th  an optimum of 9 - 10'C (Mokry 1978). Daviee 
and Smith (1958) found t h a t  E. ~L~UPSE P r i e s  su f fe red  50 - 
1008 within 3 days a t  temperatures o f  16 - 22.5'C, 
whereas l a rvae  held a t  4 - 5 'C bad a maximum m o r t a l i t y  of 159. 
 he above s imul i ids  are s t e n o t h e m i s  'w in te r  rpaoie.3'. an* 
poor su rv iva l  a t  war. temperatures is n o t  su rp r i s ing .  
mploy ing  the  same rea r ing  system as used i n  t h e  p resen t  
study,  colbo and Por te r  (1981, Tabla 2) presented s u r v i v a l  
d a t a  from f i r s t  i n e t a r  t o  pupation f o r  S b u L b  x&t&A!l 
z e t t e r s t e d t  and a. vereoundw a t  3 temperatures (15, 20 and 
25.c) and 4 feeding dosages (0.05, 0.1, 0.2 and 0 . 5  
mg/larva/day). Although colbo and Por te r  (1981) d i d  no t  
confirm t h e  i d e n t i t y  of t h e  p. verecundum l a r v a 0  
chromosomally, t h e i r  des igna t ion  was probably c o r r e c t  because 
t h e s e  l a rvae  were reared from Newfoundland egg masses 
depos i t ed  on g rasses .  To da te ,  a l l  members of t h e  S. 
W v e r e c u n d u m  oamplsx rea red  from such egg masses i n  
Newfoundland have been ACD o r  AA. (Rothfe l s  & a. 1978; 
p resen t  study).  c h i  square ana lys ig  o f  complete d a t a  s e t s  
p resen ted  by Colbo and Por te r  (1981) shoved no s i g n i f i c a n t  
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diiferenoee (p > 0.03) in survival between temperatures of Is 
- 25 'C foe 8. -, rnich concure with the present 
findings. In contrast. S. xLtt&m showed highly significant 
differenoes (p < 0.001) in survival between temperatures, the 
highest percent of successful pupation occurring at 25'C. 
Becker (1973). starting with 5 day old S. at-, found no 
evidence of temperature induced mortality between 17 and z7.c. 
Bernardoos st a. (1986) conclusion that the greatest larval 
attrition of s. xC&&w oscure ir the first 2 stadia may 
ascount for 8esker-s (1973) findings. 
at comparabl~ dosages of T E ~ ,  the combined survival of 
S. vereEunauln (15 - 25T) in the Colbo and Porter (1981) study 
was signifioantly (X = 55.0, df - 1, p < 0.001) higher 
(76.4%) than in the prasent study (59.5%). The difference in 
survival was most likely the result of water quality. In the 
present study rearing water was changed every third day which 
may have allowed a build up of excretory products, whereas 
C o l b ~  and Porter (1981) changed the water daily. larval black 
flies are sensitive to autotoxicity (Edman and simnons 1985). 
In contrast to the reaults presented here and those of Colba 
and porter (1981). mkry (1976) aohieved poor survival for 5. 
verecundm (referred to as -, see Colbo and 
Porter 1979) at temperatures of 15 - 2l.c (5.7% - 20.4%) and 
larval development could not be completed between 5 - 12-C. 
This poor survival rate, as well as a prolonged development 
time reported by nokey (1976) (500 - 525 DeC), indicates a 
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stressed population, possibly as a consequence of the high 
density of larvae (100 - 150 larvae/250 mL container). 
Bernard0 S a. (1986) showed that developnent tine is 
inversely related to larval density. In a review of sirnullid 
oolanization methods, Edam and simons (1985) concluded that 
'spring/sumer' j%!mLh spesiea develop well at 20.C which 
aweas with my results. 
The ability of EFG/C, a univoltine, early spring siauliid 
(Npp and Gordon 1983; chapter 8 ) .  to complete development at 
30mC, and the inability of the sunnar generation of Aco-AA to 
do so was unexpected. The broad range of temperatures 
tolerated by EFG/C might be an adaptation to the unpredict~bla 
and wide temperature tluctuations which characterize the 
spring climate on the Avalon Peninsula of Newfoundland. The 
remaining v.nu.tuul cytotypes (AC(gb), CCZ and CC3l are spring 
siinuliide, whereas the veresundun line of the complex 
comprises multivoltine cytotypeswhich ooccur somewhat later in 
the season and remain in streams for longer periods (chapter 
8). It would be interesting to know if these 'spring' Y.%U&m 
cytotypes also have a wider tempsratllre tolerance than 
veresundua cytotypes. Although E W / C  can be successfully 
reared over a wider range of temperaturee than ACD-AII, both 
should be =onaidered eurythemsl in light of their modest to 
high survival over a broad range of temperatures (Table 4.1). 
plots of the development time (days) against constant 
rearing temperatures for EPG/C and ACD-AA (rig. 4.1) produced 
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the E I ~ C O ~ S  development curve seen in most insects (Wagner & 
a. 1984). If the reciprocals of development time (days") are 
plotted as a rate over the full range of temperatures at which 
development can occur, a normal ourve truncated on the right 
is produced. At the lower thermal limit the development rate 
curve asymptotically approaches the x axis. As temperature 
increases from the lower thermal limit the development Fate 
becomes proportional to temperature and a linear curve is 
found at intermediate temperaturoa. Finally, the rate of 
developnent dosreasea past some 'optimals temperature due to 
the lethal effects of high temperature (Taylor 1II1; Wagner et 
a. 1984). Many models have been proposed to describe the 
development rate responsa curve including a 6 variable nodel 
(Sshoolfield & a. 1981), which has recently been used to 
describe simuliid embryonation (Shipp andwhitfield 1987). The 
high R' values obtained in my study by plotting development 
rate against temperature (aquatione 2 and 3) indicated that 
developplent was investigated over intermediate temperatures 
(i .e., the linear section of the response curve) and there was 
no need to invoke any variables other than temperature to 
describe this response. Other etudies have shown tha 
dependence of simuliid development on temperature (e.9.. Mokry 
1976; Colbo and Porter 1981; dmoor 1982; nerritt & d. 1982; 
PrUgal 1988; Wirtz & E l .  1990) 
Threshold temperature was estimated to be eem for both 
EPGlC and ACD-Aa. The only other labratory derived estimates 
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of threshold temperature are those of Brennar & a. (1981) 
and Bernard. st a. (1986). Brennee et a. (1981) estimated 
the threshold temperature of a northern and southern strain of 
&lm.Usrn  decorum Walker to be 7.25 and 6.4lSC, respectively. 
Bernard0 e.% al. (1986) calculated r, threshold temperature of 
-l.8seC ior 5. Y&a!aa (IS-?), but for. purposea of Dnc 
aalculations used 0-C. Shippp and Procunier (1986) were unable 
to calculate threshold temperature under field conditions and 
therefore used OOC when ~alaulating 0.C for 
nalloch (IIL-3). S. deioliarti Stone and Peterson (IIS-14.15) 
and 5. Uksxaem Lundatram (IG). Other authors in North 
America (Table 4.7) hsve based DeC calculations on an assumed 
threshold temperature of 0-C. 
The number o t  accumulated DeC needed to complete larval 
development was not conatant between experimental 
temperatures, but these differences were minimal when 
temperatures exceeded 10DC (Table 4.2). Differences in DOC 
requirements at different temperatures have been reported for 
simuliids (Beaker 1973) and other aquatic insects (Sweeney and 
schnack 1977). This underscores the importance of stating the 
teroparature(s) on which e DSC calculation is based. This also 
emphesisss rhatrearingtemperatures should approximate normal 
stream temperatures if laboratory results are used for 
predictions in the field. Por example. at Beachy Cove Brook, 
with a mean weekly (spring) temperature of 8.5-C, 238 DOC had 
accumulated between the appearance of first and last instar 
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EPGIC. I n  t h e  laboratory, the  Doc ca lcula t ion  a t  10-C (250 
DOC1 i s  a much b e t t e r  estimate of DOC requirements foe  wild 
larvae than calculations based on higher laboratory 
temperatures (175 - 210 D-C) . 
Field resoeds of la rval  development and temperature a t  
Beashy Cove Brook were taken on a weekly bas is .  However, the 
s imi lar i ty  of laboratory derived DDC requirements t o  those 
bared on atream records c lear ly  shoved t h a t  laboratory 
determinedcomputations approximataD~Crequiredunder natural 
conditions. Ross and neer i t t (1987)  sonsludadthattenperature 
and f o d  (quantity and qual i ty)  are 2 of t h e  most important 
fac tors  controlling population dynamics of preinaginal 
Simuliids. Knowledge of the in terac t ions  between food and 
temperature could increase M e  a b i l i t y  t o  predict la rval  
ooourrense and development i n  t h e  f i e l d  and should resoive 
fur ther  a t tent ion  in  t h e  future. F o d  appeared t o  have a 
s t rong influence on the  abundance of CC2-3 and AC(gb) i n  the 
Piccoa drainage basin (chapter 6 ) .  
Differences i n  DOC were a l s o  sex re la ted  i n  EFGIC, where 
malea required fewer D o c  than females. No di f ferenses  were 
found between male and female D.C requirements f o r  ACD and AA 
larvae. The number of DsC needed t o  complete dovslopnent from 
t h e  Prepupal atage t o  adul t  emergence was a l s o  independent of 
sex f o r  both EPGIC and AcD-M. Differences i n  development time 
between male and female K W I C  larvae could lead  t o  protsndroua 
emergence under natural oonditions. Protandry is common in  
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black flies (Colba and Thompson 1978; colbo and Porter 1979; 
Beenner &a. 1981; Simon* and Edman 1981; Bernard0 pr el. 
1986). 
Table 4.7 gives examples of some D'C calculations for 
North American simuliids estimated by either field or 
laboratory studies. With one exception (Davies and Syme 1958). 
simuliids required approximately 200 - 500 DOC to Complete 
larval or larval-pupal developmant, which is similar to the 
range of values reported here. In light of more recent 
studies, eapeoially that of Ross and nerritt (19781, the 
estimate of 1110 DOC foe the preimaginal development of E. 
glixtunlfuscun Davias and syme (Table 4.7) is probably 
erroneous, or at the very least atypical. Differences in Doc 
values given in Table 4.7 might be attributable to species 
differences, rearing conditions (e.g., see Ross and Merritt 
1987) and the lack of reliable threshold temperature estimates 
[see above). 
It ha8 been generally assumed that larval head capsule 
size is positively correlated with overall body sire, e.g., 
Post (1983) and Reisen (1975) shoved it inoreases with larval 
weight. Head capsules, and by extrapolation larvae, were 
largest at 10 - 15-C. Piald studies of simuliids with more 
than one generation, or cohort per year, consistently Show the 
largest larvae are produoad during cooler temperatures (Thorup 
1914; Ladle & a. 1977; Rosa and Merritt 1918; demoor 1982; 
nerritt&&. isa2; post 1981). rt is a reasonable conjecture 
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that larger last larval instare of IFGIC or ACD would produce 
larger adults (a.9.. dsnsrr 7 ~ 2 ) .  Many authors have shown a 
positive correlation between adult sire and fecundity (Chuttsr 
1970; COlbo and Porter 1981; Simon. and Edman 1981; Post 
19831. Therefore, it is consluded that EFG/C and ACD would 
produce the largest and moot fecund females at d 15'C. 
Vannote and sweeney (1980) have proposed a 'tharnal 
optimum' for eaah species of aquatic inasct at whish adult 
s i ~ e  and fecundity are maximized. Temperatures above and below 
this optimum suppress larval tissue growth more than adult 
tissue development, resulting in smallee, less feound adults. 
Based on this concept of 'thermal optimum' the ideal 
temperature regime for EFD/C and ACD would be s 15.C. Using 
the criterion that fitness is maximized by rapid development, 
Taylor (1981) proposed M a t  soptimal temperatureJ is that at 
which development rate is maximized. Far EFG/C and ACD-=this 
would be at L 25.C. However, both eurvival (Table 4.1) and 
fecundity (Table 1.5; colbo and Porter 1981) nay be reduced at 
these temperatures. Any future considerations or 'optimal 
temperature1 as applied to simuliids must take into account 
the joint efresta of temperature on survival, devalopment rate 
and fecundity, all of which contribute to Pitnese. For 
example, sire (and presumably fecundity), survival and 
development time (days) ror EFGlC were maximized at 10 - 15-2, 
15 - 20eC, and 25 - 30°C respectively. Interestingly, Vannote 
and Sweeney (1980) found that maximum adult size was usually 
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not associated with maximum larval growth rate. 
Superior chromosome preparatione were obtained Erom 
larvae reared at cool temperatures and high food supply. 
Larvae collected on the Avalon Peninsula in nay and June 
generally had large chronosomes which greatly facilitates 
identification. Collections in ~ u l y  and ~ugust, when water 
temperatures are highest (Iarson and Colbo 1983, p.  601). 
often produced larvaewith small. poorly staining chromosomes, 
which frequently did not spread when squashed. In many cases, 
chromosome quality was so poor at this time that many 
~ollections could not be sytotyped. Lake and Burger (19831 
reported poor chromosome quality for S. venustumlverecundum 
in July and Auugust and attributed this to high stream 
temperatures. Adler (1983) reported that low temperature and 
abundant fond produoed superior chromosome quality In 8. 
-. In oontrast, Tarrant + a. (1987). employing a 
gravity-trough rearinq ayatem with recirculating water, were 
able to produce asceptable laNal ohromosome preparations of 
,q. at temperatures of 23 - 26-C. 
It has been my evperiense that holdinq wild larvae in the 
laboratory for several daym ( 4  - 7) at lo - 1s-c on a diet oE 
TETRA barore fixation in acetic ethanol greatly improved 
chromosoma quality. For cytologisal studies of S. EEmd&Uml 
ysrecundun I recommnd a temperature of 15.C and a feeding 
rate of 2 0.3 mqllarvalday of T m .  This will ensurs 
E ~ T O ~ O B O ~ B  preparations oE good quality, moderate larval 
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su rv iva l  and a reasonable turnover time (ir 2 - 3 vk from f i r s t  
t o  l a s t  i n s t a r j .  
1. EFG/C completed l a r v a l  development from 5 - 30.C. with 
maximum surv iva l  between 15  - 20'C (68.0 - 73.51). ACD-?A 
completed development between 5 - 25'C with maximum surv iva l  
between 15 - 25'C (55.3 - 61.01). The Cemparatuee-survival 
cu rve  of EFG/C was s i g n i f i c a n t l y  d i f f e r e n t  from ACD-?A. 
2. Thrashold temperature was determined t o  be O'C. Mean 
degree-days required t o  complete l a r v a l  development va r i ed  
depending on temperature,  cytotype and sex. oegree-day 
determination i n  t h e  l abora to ry  agreed well  wi th  f i e l d  data.  
3. Final  l a r v a l  i n s t a r s  o f  EPG/C and ACD were l a r g e s t  a t  10 - 
15.C. By e ~ t r a p o l a t i ~ n t h e s e  l a rvae  would g ive  r i s e  t o  a d u l t s  
wi th  maximum fecundity.  
4 .  The a i ~ e  and band d i s t i n c t i o n  of the  s a l i v a r y  gland 
polytene chromarones used t o  i d e n t i f y  t h e  above sy to typesware  
found t o  vary with r e a r i n g  condit ions.  Larvae rea red  a t  15'C 
and fed TETRA wi l l  provide super io r  chronosome prepara t ions .  
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TABLE 4.1. Chi Square and Tukey-type multiple comparison 
analysis of EPG/C and ACU-AA larval survival at temperatures 
of 5 - 30-C. 
Temperature % Survival' 
('CI 
EPG/C ACU-M" 
X' 288.7*** 350.4*** 
+rn p < 0.001. 
'€or EEG/C and ACD-M percents with different letters were 
significantly different at p c 0.05. The 95% confidanca limits 
are given in parentheses. 
-ACD-M consisted of 75.5% ACD and 24.5% &A. Data at 15'C 
bared on 3 replicates. 
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TABLE 4 . 3 .  Kruskal-Wallis and Tukey-type multiple comparison 
analysis of larval development tine (DOC and days) between 
EFGJC, ACD and lur at l 5 0 C .  
n Development time ( iSD) ff;:;' Ha+j. 
Mean W.C Mean Days 
ACD 57 215.0 f22.2 15.7 i1.5 85.5' 21.6'.* 
E K l C  1 4 7  245.2 f22.7 16.3 51.5 119.7' 
AA i6 265.4 i32.0 17.7 i2.1 157.7' 
l*. p < 0.001. 
- 
wean ranks with differing letters were significantly 
different at p c 0.05. 





CAW HCW PAW HCL 
, 0.66 5.12** 8.03**. 11.77+** 
.. p < 0.01, "' p < 0.001. 
.means tor each character and cytorype with different letters were significantly different 
at p < 0.05 (n = 24 and 16 per treatment for EFGIC and ACD raspectivelyl. 
NOTE: CAW = cephalic apotorne width HCW = head capsule width, PAW = postantennal buttress 
width, HCL - head capsule length. - 
TABLE 4.6. Kruskal-Wallis and TuKey-type multiple  omp par is on 
analysis of ACD larval chromosome preparation quality reared 
at temperatures of 1 0  - a s 0 c .  
+mean ranks with different letters were significantly 
different at p < 0.05. 
TABLE 4.7. ~egrea-day requirements for some ~ o r L h  American einuliids. 
species, species 
complex, or oytotype 
~evelopmopnt Rearing 0.6 
variable temp. leCl 
navies and syne 1958 ~rosimulium -1- larval-pupal 5 1110 
oavies &a. 1962 Simulium venustus 
Becker 1973 Simulium 
m X r y  1976 a u l i u m  verecvndurn 
larval 9 275 
larval-pupal 17 228 
lama1 15-20 500-525 
ROSS and nerritt Prasimuliun ~ l i l w s 3 m  larval-pupal -- 240 
1978 Seaooternq m&+a larval-pupal -- 250-275 
rne~hia dacotensls larval-pupal -- 475 
~renner & d. 1981 Simulium decorum larval-pupal 13-21 190-271 
shipp and Procunier Sinuliun arcticun (11L-31 lama1 -- 
-- 
246-309 
1985 simuliurn aefoliart~ (XIS-14.15) larval 
-- 
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S 1 r U  tuberosum [FG) 
- larval 475 
Bernardo &a. simulium vittatvm (IS-7) larval- 12.5-20 4 60 
1986 pupal 
present study EFGlC 
ACD-AA 
ACO-AA 
larva1 20 242 
larval-pupal 20 344 
larval 20 267 
larval-pupal 20 374 
- ~ 1 1  DaC ~alculations were baaed on a threshold temperature of zero expect that of Brenner 
et al. (1981) which used a threshold temperature of = 7-C. 
--
FIG. 4.1 .  Mean number of days to  complete larval development 
for BPC/C and ACD-AA [rarecundun) a t  temperatures of 5 - IO'C. 
5 10 15 20 25 30 
TEMPERATURE C 
PIG. 4.2. Number of days to complete larval development for 
male and female larvae of (A) ACD at 15.c. ( 6 )  EFGJC at 1S'C. 
and (C) EFG/C at 20'C. 
DRYS 
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C W P T B R  5 
l l lCRODIBTRIBUTION PATTERNS OF LARVAE. I. FACTORS 
ASSOCIATED WITK CYTOTYPB OCCURRENCE 
Macrodistr ibutional  s tud ies  have examined t h e  
d i s t r i b u t i o n  of s imul i ids  among 6 zoogeographic regiona of the  
world (e.4.. Crosskey 1981). within a l a rge  sec t ion  of a 
roogeqraph io  region (e.g., corkua and Currie 1987). among 
streams i n  highly loca l i zed  areas (e.g. ,  Colbo 19791 and 
within a s i r q l e  drainage basin (e.g., Maitland and Penny 
1967). The l a t t e r  2 s c a l e s  of investigation,  examined here and 
i n  the following chapter,  have s t r e ssed  t h e  r o l e  of stream 
s i t e  cha rao te r i s t i ca  (e.g., food rupply, ov ipos i t iona l  cues, 
temperature, subs t ra te )  i n  determining p re inag ina l  
d i s t r ibu t ion .  
The objective of the  present  inves t iga t ion  was t o  t e s t  
t h e  hypothesis t h a t  t h e  oosurrenoe (presence / absence) of 
each sytotype among d i f f e r e n t  stream s i t e s  over a l imi ted  
geographic a rea  (Avalon Peninsula) i s  nonrandom and t o  soma 
ex ten t  predictable.  Stream var iab les  t h a t  might account for 
observed pa t t e rns  of d i s t r ibu t ion  were a l s o  examined. Data 
from 60 stream r i t e s  sampled over a 4 yea r  period were used t o  
t e s t  t h i s  hypothesis. 
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UATERIALS AND NETAODS 
sampling proordures 
The study area includes streams occurring on the Avelon 
Peninsula, Newioundland. Details of the  hydrology, water 
chemistry, and geomorphology of t h i s  ares can be found i n  
chapter 2. Based on a synthesis of t h e  l i t e r a t u r e  (Colbo and 
Wotton 1981; Adler 1987; Burger 1987; Wotton 1987; Table 1.11 
stream s i t e s  vere c l a s s i f i e d  i n t o  2 broad categories. 
C o l l e ~ t i o n s  taken within 50 m of a pond a u t l a t  (regardless of 
stream width) were c l a s s i f i e d  as o u t l e t  s i t e s  (0) .  Collections 
L 500 m from t h e  nearest o u t l e t  were consideeed downstream 
s i t e s  and fur ther  a lass i f ied  by stream width i n t o  t r i c k l e  IT) 
I 1 m wide; small ( s )  = 2 - 5 m wide; and large (L) - 12 - 30 
m. Stream width a t  downstream e i t e s  was measured a t  r i f f l e s .  
C ~ l l e c t i o n  r i t e s  were intentionally c l a s s i f i e d  in to  4 
d iscre te ,  e a s i l y  ident i f ied ,  nonoverlapping types (0, T, 5. Ll 
t o  prevent error i n  s i t e  c lass i f ica t ion .  
Potential co l lec t ion  s i t e s  were preselected from 1:50000 
topographio maps. s i t e s  "era then v is i ted  end f i n a l  s i t e  
se lec t ion  was based on matching t h e  above c r i t e r i a  with 
access ib i l i ty .  Fifteen s i t e s  from each stream type (0. T. S, 
L) were sampled for  a t o t a l  of 60 s i t e s  (Fig. 5.11. No 2 
collection s i t e s  ware fur ther  than 120 kn apar t .  As f a r  as  I 
am aware a l l  streams sampled were permanent. As seasonal 
changes in the  2. v e n u s t u m l v e r e c u ~  complex are  known t o  
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occur in ~evfoundland (Lawis and Bennett 1914; Rothfels st al. 
1978). each site was sampled twice, once in the spring (mid 
~ a y  to mid June) and again in the summer (July to early 
August), for a total of 120 collections. 
  he contiguous distribution of larval Q. xwu&!av 
vereoundum complex precluded a strictly random sampilnq 
procedure as insuffioient larvae would have been collected for 
chr~m~s~rnal nalysis. For example, at one site used to study 
oytotype phenology (BP, chapter 81, weekly ~ o c k  collections In 
= 10) from early May to mid Septenber. 1988, yielded only 23 
last larval instara. small dense olumps of larvae were, at 
times, missed by chance as a result of enforcing the random 
sampling regime. To ensure routine sampling of such clumps 
would have required an unmanageable sample size (a.g., Elliott 
1977; Allan 1984). Therefore, each site was rmalitatively 
sampled by walking a swath from bank to bank while hand 
colle~ting larvaa from all available natural substrates, thus 
ensuring sufficient larvae for chronosomal analysis. Larvae 
and substrate were placed in plaatic containers with a small 
amount of water and held on ice for transportation to the 
laboratory. AS in other studies of this type (a.g., Corkurn and 
Currie 1987), it was assumed that cytotypes found ir. the swath 
sample from each site were representative of local 
occurrences. Collections were made from 1986 to 1989 with 82% 
of samples taken in 1988 and 1989. 
stream width, depth (along collection swath), water 
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temperature,  l a l v a l  s u b a t r a t e ,  s i z e  of stream bed p a r t i c l e s ,  
r i p a r i a n  vsge ta t i an  and e x t e n t  of canopy cover were noted a t  
t i m e  of co l l ec t ion  (see chap ta r  2 fo r  d e t a i l s ) .  Larval 
s u b s t r a t e s  were c l a s s i f i e d  as vegetation ( t r a i l i n g  and 
emergant g rasses ,  a q u a t i c  macrophytes, branches. l eaves ,  
s t i o k a ,  etc.1,  rocks (g rave l  t o  boulders) ,  or mixed 
(vege ta t ion  and rock). Sing le  po in t  measurements of 
conduc t iv i ty ,  pH and d i s so lved  oxygan were measured a t  t i n e  of 
sampling f o r  most c o l l e c t i o n s  (n = 106),  as o u t l i n e d  i n  
chap ta r  2 .  
c y t o l o g i c a l  i d e n t i s i c a t i o n  
Cytological  i d e n t i f i c a t i o n s  of t h e  sp r ing  c o l l e c t i o n s  
ware based an procedures ou t l ined  i n  chap te r  2. Frequently,  
l a r v a e  c o l l e c t e d  during t h e  summer could not be oytotyped. 
presumably because of h igher  stream temperatures a t  t h i s  t ime 
(Lake and Burger 1983). Good chromosome prepara t ion  q u a l i t y  
can be induced by rea r ing  l a r v a e  a t  moderate tsmparatures and 
h i g h  food dosages (see chap te r  4 1 ,  hence l a rvae  iron summer 
c ~ l l e c t i o n s  were of ten  he ld  a t  10 - 1 5 - c  for  1 - 7 days and 
f e d  a d i e t  oe blended TETRA ( 2  0.3 mg/larva/day), before 
f i x a t i o n .  Such treatment pe rmi t t ed  cy to log ica l  i d e n t i f i c a t i o n  
o f  u l t ima te ,  and i f  r equ i red ,  penult imate i n s t a r s  which 
o t h e w i s e  would have been impossible.  
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Data .Il.lysis 
Cy to taxon~nic  i d e n t i f i c a t i o n  of a l l  l a rvae  i n  t h e  swath 
sample from each s i t e  would have requ i red  a p r o h i b i t i v e  amount 
of t ime; aacordingly swath samples were subsampled. Subsample 
s i z e  was a c ~ m p ~ ~ r n i s e  between t h e  p robab i l i ty  of miss ing  a 
cy to type  p resen t  i n  a swath sample ve r sus  i d e n t i f i c a t i o n  t ime. 
The p robab i l i ty  of a subsample no t  containing a cy to type  which 
occurred i n  the m a t h  sample depends on cytotype frequency i n  
t h e  sample as wel l  as sample and subsample s i r e .  Given t h e s e  
c o n s t r a i n t s ,  a t t e n t i o n  was focused on  t h e  ossurrance of 
dominant cytotypes,  de f ined  h e r e  as any Eytotype vhioh 
comprised > IS1 of a sample. R e s t r i s t i n q  a t t e n t i o n  t o  dominant 
t a x a  is a comol, approach i n  ben th ic  s t u d i e s  (e.q., Kovnacki 
1985; sohrader 1988). The s e l e c t e d  aubaample s i z e  of 14 g i v e s  
a maximum t h a o r e t i s a l  p r o b a b i l i t y  (binomial d i s t r i b u t i o n )  of 
missing a dominant Eytotypa o f  8.71. In p r a c t i s e  t h i s  error i s  
lower as subsampling was done  without replacement. The e r r o r  
was f u r t h e r  reduced as cy to type  frequency increased beyond t h e  
imposed minimum. A subsample s i z e  o e  14 would requ i re  
cy to typ ing  1680 larvae.  
Data were examined u s i n g  G-tests. c l u s t e r  a n a l y s i s  and 
s o r r e l a t i o n  analysis .  G- tes t s  were used t o  determine i f  t h e  
d i s t r i b u t i o n  of each cy to type  was independent of s t r eam t y p e  
( s c k a l  and Rohlf 1981). To  inc rease  t h e  r igor  of t h i s  
a n a l y s i s ,  cytotyper occur r ing  i n  low frequency due t o  
s e a s o n a l i t y  were eliminated,  thus  G-tests  were r e s t r i c t e d  t o  
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cy to types  occurring i n  a t  l e a s t  2 0 1  of t h e  sp r ing ,  summer or 
t o t a l  ( sp r ing  + s u m e r )  c o l l e c t i o n s .  
A sequen t i a l ,  agglomerative,  h ie ra rch ica l  c l u s t e r  
a n a l y s i s  was used t o  group s t r eam s i t e s  by s i m i l a r i t y  of t h e i r  
cy to type  fauna. The Jacoard s o e f f i o i e n t  was used t o  produce 
t h e  resemblance matrix because it ignored cases where 
cy to types  were absent from both pa i rad  s i t e s  being compared 
when c a l c u l a t i n g  s i m i l a r i t y  (Pielou 1984). T i e s  o f t e n  occur 
when us ing  nominal da ta ;  t h e r e f o r e  s ing le  l ink  o l u s t e r i n g  was 
chosen t o  produce t h e  t r e e  dandrogrsm as t h i s  a lgor i thm i s  
Y e l l  behaved with t i a e ,  I.=., a l l  a l t e r n a t i v e  t r e e  dendroqrama 
a r e  equ iva len t  (Rohlf 1988).  cytotype a s s o c i a t i o n s  ( i . e . ,  
degree  o f  co-occurrences) were examined using t h e  Jaccard 
~ o e f f i c i e n t  and c l u s t e r i n g  by t h e  UPGHA algori thm, whish i s  
p r e f e r r e d  when few or no t i e s  occur (Rone~burg 1984).  The f i t  
between a r esemblan~e  mat r ix  and its dendrogrsn was judged 
u s i n g t h e  cophene t i ccor re la t ion  o o e f f i c i a n t  (Romesburg 1 9 8 4 ) .  
h c o e f f i c i e n t  L 0.8 was considered a good f i t  whereas 
c o e f f i c i e n t s  below t h i s  were considered poor (Rohlf 19881. The 
s t a t i s t i c a l  package msYs was used f o r  c l u s t e r  a n a l y s i s  (Rohlf 
1988) .  
Cor re la t ion  a n a l y s i s  was used t o  examine t h e  r e l a t i o n s h i p  
between cytotypa occurrence and various stream v a r i a b l e s .  
s i n c e  c o r r e l a t i a n e  were betwoon a nominal (presencelabsence of 
cy to types )  versus i n t e r v a l / r a t i o ,  ranked and o t h e r  nominal 
v a r i a b l e s ,  apeo ia l  oases or t h e  Pearson product moment 
101 
c o r r e l a t i o n  coef f i c i en t  and t e s t s  of s ign i f i cance  were  used 
(Wherry 1 9 8 4 )  (Table 5.1).  Por purposee o f  computation,  
cy to type  presence was ccded as 1 and absence ae 0. AS with  
~ o n t i n g e n c y  t a b l e  analysis, c o r r e l a t i o n s  were r e s t r i c t e d  t o  
t h o s e  ~ y t o t y p e s  iden t i f i ed  from a t  l e a s t  201 o f  t h e  s p r i n g  or 
summer co l l ec t ions .  
An understanding or t h e s e  modified c o e f f i c i e n t s  i e  
important  for a Eorrect i n t e r p r e t a t i o n  of r e s u l t s ,  hence a 
b r i e f  explanation is g iven .  A sor re l i t t ion  between t h e  
occur rence  (presencelaboanca) of a c y t o t y ~ e  and a con t inuous  
va r i ab le  such as pH (Table 5.11, is equ iva len t  t o  a t - t e s t  
oomparing stream pH a t  s i t e s  where a cytotype was p r e s e n t  and 
s i t e s  where it was a b s e n t  (wherry 1984).  S i m i l a r l y ,  
 orr relations between oytotype oscurrence and ranked or 
dichotomous va r i ab les  are e q u i v a l e n t  t o  nann-Whitney u or c h i  
square  t e s t s  r e spec t ive ly .  The  advantage o f  these  c o a f f i o i e n f r  
is t h a t  t h e  s ign i f i cance ,  s t r e n g t h  and d i r e c t i o n  of a 
r e l a t i o n s h i p  can be p resen tad  i n  o n e  value. S ign i f ioance  t e s t s  
fo r  t h e s e  c o s f f i a i e n t s  are g i v e n  i n  Table 5.1. 
AUOVAS and KTuskal-Wallis procedures ware used t o  
determine i f  s t r e a n  v a r i a b l e s  d i f f e r e d  among s t ream types .  
ANOVAS were used on con t inuous  v a r i a b l e s  when assumptions of 
normali ty and homogeneity of va r i ance  were s a t i s f i e d ,  
otherwise t h e  Keuskal-Wallis procedure was used. The Kruskal-  
Wal l i s  procedure was a l so  used on ranked da ta .  n u l t i p l e  
sompariaons among qroups f o r  s i g n i f i c a n t  MOVAS were p e r f o m e d  
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Using t h e  Tukey t e s t  and f o r  s i g n i f i c a n t  Kruskal-Wallis t e s t s  
us ing  a Tukey typs  t e s t  (q ,.,, o r  Q,,). Dif fe rences  i n  
cy to type  r i chness  among s t ream types  were detectem with 
Kruskal-Wallis and Tukey t y p e  Diultipla comparison (%,,) 
procedures.  
cytotype fauna 
D e t a i l s  of each c o l l e c t i o n  s i t e  and c y t o l o g i ~ a l  
i d e n t i f i c a t i o n s  are given i n  Appendix 1. a11 60 s i t e s  were 
s u c c e s s f u l l y  sampled and l a r v a e  cytotyped i n  t h e  s p r i n g  
c o l l e c t i o n s .  However, road c o n s t r u c t i o n  destroyed one e i t e  (T) 
and f a i l u r e  t o  f i n d  l a r v a e  a f t e r  repeated at tempts a t  ano the r  
( L ) ,  r educed  summer c o l l e o t i o n s  t o  58  s i t e s .  A t o t a l  o f  1652 
Simuliun venu&m/vereEundun complex l a rvae  were cytotyped 
(Table 5 .2 ) .  M and CC2-3 (conbined CC2 and CC3) were t h e  most 
f r e q u e n t l y  encountered, conpr i s ing  over 708 of l a r v a e  
~ y t o t y p e d .  Batlad on 387 male i d e n t i f  ioa t ions ,  CC2-3 c o n s i s t e d  
of 75.78 CC2 (CI r 71.1 - 79.9%) and  24.3% CC3 (CI = 20.1 - 
28.9%).  
From the 118 c o l l e c t i o n s  cytotyped,  51 s i t e s  con ta inad  a 
s i n g l e  oytotype. 53 s i t e s  had 2 ,  8 s i t e s  had 3. 5 s i t e s  had 4 
and o n l y  1 s i t e  contained 5 cy to types  (Pig 5.2).  Kruskai-  
Wal l i s  and Tukey-type r n ~ l t i p l e  comparison a n a l y s i s  showed 
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cytotype richness was significantly lower in samples from 
large stream aitea (Table 5.3). 
rn the spring collections, EFGIC was the cytotypa most 
often identified at outlets, whereas CC2-3 and AC(gh) were the 
prevalent cytotypes identified from downstream aitea (Pig. 
5.3). In the smer  collections, identifications from outlets 
were almost exclusively ACD and AA, with no cc2-3, while 
down~tream sites were predominantly AA and CC2-3. The virtual 
absence of EFGIC in the sulmner c~llestions (Pig. 5.3) suggests 
this oytotype was a univoltine spring simuliid. The single 
specimen of EPGlc likely .:epreeents an exceptional individual 
with prolonged or delayed development. 
Analysis of steean variables 
Analysis of atreanvariables among different stream types 
16 given in Tables 5.4 and 5.5. Mean depth from L stream sites 
was significantly greater (spring and summer) than other 
sites. No significant difrerencas in depth were found among 0 ,  
T and s stream bitan in the spring. However, T sites wera 
shallower than 0 sites in the summer. oxygen was significantly 
lover and canopy cover more extensive at T sites during the 
suramer. The size of stream bed particles in T sites was also 
smaller than in other stream types, and the riparian 
vegetation reduced aompared to other downstream sites (S and 
5 ) .  No other diffarences were round among site conditions. The 
range of continuous stream variables under which each cytotype 
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was found is given i n  Table 5.6. CC2-3 and AA were found under 
the broades t  range of cond i t ions  and EFGjC and ACD t h e  
narrowest. 
Frequency and correlmtion ana1g.e. 
Frequency ana lys i s  showed cy to type  occurrence war not 
independent of stream type (Table 5.7).  1n t h e  sp r ing  
EolleEtions EFGjC, CC2-3 and AC(gb) showed s i g n i f i c a n t ,  
nonrandomdi r t r ibu t ions  among stream type ,  whereas AAdid not. 
Frequency of ACD was t o o  low f o r  ana lys i s .  I n  t h e  summer 
a o l l e s t i o n s  s i g n i f i o a n t G - t e s t s  indicatedthedistribution* of 
ACD, AA and cc2-3 were dependent on stream type.  When da ta  
from t h e  s p r i n g  and summer c o l l e c t i o n s  were combined ( i . e . ,  
"emporal in f luences  ignored) f o r  ACD, AA, CC2-3 and AC(gb), 
a l l  showed nonrandom d i s t r i b u t i o n s  among stream types  (Table 
5.7).  The frequency of EPC/C was t o o  low f o r  t h i s  p a r t  o f  the  
ana lys i s .  
Table 5.7 and Fig.  5.3 suggest  t h a t  EFGjC, ACD and t o  a 
l e s s e r  kx ten t  AA were sub lacus t r ine  s imul i ids ,  whereas AC(gb1 
and cca-3 were most f r e p e n t l y  found a t  downstream locations.  
Cor re la t ion  a n a l y s i s  aupprrrts t h i s  view (Table 5.81. I n  t h e  
sp r ing  c o l l e c t i o n s  Eytotype occurrence showed either a 
s i g n i f i c a n t  p o s i t i v e  (AA, EFG/C) or nega t ive  (AC(gb), CC2-3) 
c o r r e l a t i o n w i t h  o u t l e t s .  AlthoughAC(gb) end CC2-3 were found 
p r imar i ly  i n  downstream s i t e s ,  G-tests  showed no s i g n i f i c a n t  
d i f fe rences  (df - 2, p c 0.05) i n  frequency of occurrence 
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among the different downstream categories (T, S, L) for either 
AC(gb) (spring, Gdi, = 5.G4) or CC2-3 (spring, Gadi, = 2.38; 
sununer, Gdl, = 1.23). However, based on male identifications, 
it was found that 52.4% (11121) of sites positive for CC3 in 
the spring oollestions were L stream sites, as opposed to 
27.08 (10137) for CC2, suggesting CC3 adults preferentially 
oviposit at large etreams. 
In the s m e r  colleotians, ACD showed a signifisant 
positive and Cc2-3 a significant negative aorrelation with 
outlets. Although ?.A was not correlated with outlets in the 
summer (Table 5.8). occurrence of M was significantly higher 
in 0 and T sites (pooled) ( G  - 8.34, df - 1, p < 0.01) than 
s and L sites (pooled). 
other than outlets, most correlations between stream 
variables and cytotype occurrencs were not significant (Table 
5.8). In the spring, occurrenoe of AC(gb) was negatively 
correlated with temperature and stream bad particle size and 
positively correlated with mixed larval substrate end canopy 
oover. In the spring, CC2-3 was negatively correlated with 
dissolved oxygen. In the summer, AcD was positively norrelated 
with aonductivity; Aa was negatively correlated with rock 
substrates and positively associated with vegetation 
substrates. No other signifisant cerrslatione were found. 
cytotaxonomic identifications of CC2-3 males showed the 
apring collection consietsd of 63.61 cC2 (CI = 57.2 - 69.7%) 
and 36.41 CC3 (CI - 30.3 - 42.8%). correlation analysis must 
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he interpreted from the viewpoint of a mixed population. 
Nevertheless, an analysis (not aharn) restricted to subsanples 
in which occurrence of CCZ (n = 53) and Cc3 (n = 38) could be 
unequivocally determined (based on male identifications), 
yielded identioal conalusions to those reached for the mined 
population of CC2-3. The summer population consisted of 95.9% 
CC2 (CI - 91.2 - 98.5%) and 4.1% CC3 (CI = 1.5 - 8.8%). In 
this Ease CC3 was uneguivosally identifimd from only I 
subsamples, all of whish also contained CC2. Therefore, 
results of the smer  analyses were considered to pertain to 
CC2. 
Clustez analysia 
Cluster analysis of stream typa by cytotype fauna is 
given in Figs. 5.4 and 5.5. The cophenetic correlations for 
spring and summer data were 0.749 and 0.827 respectively, 
indicating a poor fit for spring data. For the moat part 
clusters were not wall separated, hut it is apparent that 
outlet sites tended to cluster together as did downstream 
sites (T, S, I). clustering by species association for the 
spring collections (Fig. 5.6) gave one distinct cluster 
consisting of EFOJC, ACD and M and a aesmd of CC2-3 and 
Ac(gb). A cophenetic correlation af 0.884 and similar results 
(not shorn) obtained using other measures of similarity 
(simple match, Phi, Dioe) and clustering algorithms (single 
link, complete link) indicated that clusters in Fiq. 5.6 
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strongly reflected the original data matrix. Cluster analysis 
for summer cytotype associatione was not performed since EFG/C 
and AC(9b) were very scarce. 
The occurrence of a spades in a particular stream or 
stream section is largely the result of female oviporitional 
behavior (Zahar 1951; Colbo 1979; Colbo and Moorhouse 1979; 
Colbo and Wotton 1981). a point missed in m n y  benthic 
studies. For example, the occurrence of (- 
EFGlC) and a. & a d  Friar larvae at outlets resulted from 
the upatrean flight of females to a lentic outflow which 
provided the ovipositional cue (Carisson & a. 1977; Wotton 
1982). Speoies found further downstream apparently do not 
require this cue (Wotton 1979). This point is strengthened by 
the unpublished observation of EFG/C ovipositing at outlets 
Iconfirmed by cytotyping larvae reared from eggs obtained from 
ovipositing adults) (colbo perm. cam. 1987). ds~oor & U. 
(1986) showed the distribution of .%mulium c h u t t d  Lewis 
along the Vaal River, south Africa, vas largely determined by 
the ovipositional requirements or the adult female. Lake and 
Burger (1983) suggested that future etvdias consider the role 
that gravid females play in the distribution of 
Ysw&mlverec4ndun oytotypes. 
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D r i f t  is l i k e l y  t o  have i t s  g r e a t e s t  in f luence  on t h e  
s p a t i a l  d i s t r i b u t i o n  within e t raan  s e o t i o n s  (colbo and 
noorhouse 1979). This is espeo ia l ly  t r u e  i n  Newfoundland where 
streams are f requen t ly  in te r rup ted  by l e n t i c  bodies or l a r g e  
q u i e t  reaches (Larson and Colba 1983) t h a t  a c t  as b a r r i e r s  t o  
l a r g e  s c a l e  movement v i a  d r i f t .  Early i n s t a r s  may d r i f t  within 
a r i f f l e  from ov ipos i t iona l  r i t e s  t o  loca t ions  more s u i t a b l e  
f o r  l a r v a l  development (Reiren 1977; Colbo andnoorhouse 1979: 
Colbo and Wotton 1981). and f i n a l  i n a t a r s  nay change loca t ion  
t o  pupate (Reisen 1977; Calbo and Moorhouse 1979). D r i f t  i n  
o l d e r  l a rvae  is o f t e n  a response t o  b i o t i c  o r  a b i o t i c  
d i s tu rbances  (Colbo and Wotton 1981). 
The s p a t i a l  d i s t r i b u t i o n  p a t t e r n  of each cytotype of t h e  
S. venustue/verecundum complex was nonrandom and t o  some 
e x t e n t p r e d i s t a b l e .  Di f fe renses  i n  t h e  p a t t e r n  of d i s t r i b u t i o n  
among cy to types  were also apparent .  Many f a c t o r s  have been 
considered by o t h e r  au thors  t o  exp la in  t h e  d i l t e i b u t i ~ n  and/or 
abundance of preimaginal  s i l au l i ids  with varying amounts of 
success  (see reviews by  colbo and Wotton 1981: Grunewald 1981: 
Ross and M e r r i t t  1987).  Reviewing t h e  l i t e r a t u r e  o f t en  revea l s  
l n s o n s i s t e n t  r e s u l t s  f o r  ind iv idua l  norphospeoiea, as a l s o  
noted by Lake and Burger (1983). Th i s  r e s u l t s ,  i n  p a r t ,  from 
t h e  Laotthatmostmorphospecier are complexes (Rothfels  1979, 
198lb. 1987). For example, on t h e  Avalon Peninsula,  t h e  S. 
~ t u m l v e r e c u n d u l a  complex was found i n  a l l  s treams a b l e  t o  
suppor t  s imul i id  populations,  ind ica t ing  a broad eco log ica l  
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distribution. However, individual cytotyper were largely 
res t r ic ted  t o  specific habitats.  
I n t e r s p e c i f i ~  differences in  spat ia l  (and temporal) 
qistribution within species complexes frequently occur in the  
simuliidae (Adler 1987) and such differences have often been 
claimed t o  representhabitatpartitioning. For example, within 
t h e  %mUm $uber~sum complex in  New Hampshire, s ib l ing  A war 
res t r ic ted  t o  out le t  s i t e s ,  and FGH, PG, and CUE a ~ n v r e d  
primarily i n  nonoutlet s t r e m a  (Pistrang and Burger 1988). I" 
Alberta, FGH was confined t o  small cool streams and AB t o  wide 
warn rivers.  Mi occurred most frequently in  streams of an 
intermediate nature, but did overlap with both AB and PGH 
(Adler 1986). Similar segregation amongs. $uberosum cytotypes 
w a ~  reported in  northern Saskatchewan by Ciborowski and Adler 
(1990). Theee eaae authors found tha t  ACD doninstad laka 
out le ts ,  CC3 dominated midreaches and AA-Alc-cc (combined IVL, 
A/C and CC verewndum cytotypes) reached i t s  g r e a t e s t r e l a t i v e  
abundance a t  s i t a s  even further downstream. Adler and Kim 
(1984) showed tha t  the  a s ib l ing  species of Simulium vittatum 
'partitioned' the habitat on the  bas is  of water temperature, 
velocity and oxygen content. As these fac tors  changed along 
t h e  water course a s ib l ing  gradient was produced. The diploid 
s ib l ing  of t h e  m&&a complex was res t r ic ted  t o  
headwaters and the t r ip lo id  s ib l ing  t o  s i t e s  considerably 
removed from t h i s  habitat (Adler and K i m  1986). 
Although in terspeci f ic  differences i n  spat ia l  
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distribution nay appear to represent habitat partitioning, 
there is very little evidence to support this idea. Hildrew 
and Tomsend (1986) criticized the prastice of invoking 
resource partitioning as a causal explanation for observed 
differenses in the distribution of benthic organisms without 
appropriate experimental evidence. Hart (1986, 1987) has 
provided a mechanism by which conpatition might operate, 
albeit on a microdistributional scale. In the laboratory P. 
&&u, was displaced by ornithoDnilla Davis*, Peterson 
and Wood (Harding and Colbo 1981). In contrast. in s k u  
observations over a rock showed only 2 1  of paired simuliid- 
simuliid interactions led to larval emigration (Wiley and 
Xohler 1981) , which suggests that colnpetitive displacement, at 
least in t h i ~  instance, was not important. It can easily be 
envisioned how numerous larval interactions on a 
micr~distributional soale could influence distribution on a 
much larger scale. Nevertheless, few studies have 
experimentally ah- that interspeoifio cornpatition plays any 
role in etructuring the simuliid community (Hemphill and 
Cooper 1983; Hemphill 1988). The importance of competition and 
other biotic interactions in insect communities is not clear 
(lawton and Hassell 1984; Price 1984; Lake & f.. 1988). 
To demonstrate if interspaoific differences in spatial 
distribution within species complexes represent habitat 
partitioning in response to limited resources or simply 
reflect separate species following independent evolutionary 
1 1 3  
paths with d i f ferent  environmental requirements, w i l l  require 
laboratory and f i e l d  experimentation with f a l s i f i a b l e  
hypotheses. Although Hart (1986, 1987) has provided an 
excellent bas is  upon which t o  design such studies, the 
e ~ o l o g i a a l  d is t r ibut ion  of most cytotypea, and i n  some cases 
t h e i r  spesies s ta tus ,  needs t o  be determined bezare the 
r e s u l t s  of such investigations are f u l l y  interpretable. 
=he range of hydrological conditions under whiah each 
cytotype was found i s  given i n  Table 5.6. Ranges based on 
numerous collections over a period of time (e.g., one reason) 
may characterize conditions under vhich cytotypea a r e  found. 
Nevertheless, many of these fac tors  probably have l i t t l e  o r  no 
af fec t  on la rval  d is t r ibut ion  (Gmnevsld 1976; Table 5.8). 
Therefore, interpreting these l i m i t s  as determinants of 
d is t r ibut ion  can be misleading. For example, EPG/C was found 
under t h e  narrowest ranges of depth. diesolved oxygen, and 
conductivity. suggesting these fac tors  may l i r n i t d i s t r i b u t i m .  
Correlation analysis, however, d id  not eupport t h i s  
suppoaitien. Similarly, ACD occurred over a very narrow range 
of pH, but again a s igni f icant  aorrelation was not found. 
ha ler  (1983) noted t h a t  although the  IS-7 SLmuliun vi t ta tun  
s ib l ing  was absent from s i t e s  characterized by extremes in  
water chamistry, a lack of tolerance t o  these conditions 
should not be assumed. 
Gordon and Npp (1980) examined t h e  d is t r ibut ion  of ACD, 
Alc verecundum (oitad as ?A-AC) and CC la rval  cytotyper of the  
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S. muntu~lverecundum complex in relationship to limnological 
factors. However, the analysis waa based on data from 2 
geographically separated areas (western and northern New York 
state1 and only 2 sites from each area. Many differences 
between limnalogical profiles drawn for cytotypes reflected 
regional differences in geology. Undar such conditions their 
~onsluaion that the co~plex divides into groups on the basis 
of pH, ionic content, and ratios of the water, is dirficult to 
interpret. 
In general the range of values given in Table 5.6 is 
similar to the few records available far the S. venustun/ 
yerecundw complex (Gordon and Npp 1980; Lake and Burger 
1983; Adler 1986; Adler and Kim 1986). The notable exceptions 
were: i) the higher pH range (7.2 - 9.9) and wider temperature 
range (4 - 25.5-C) raported for AO in Alberta (Adler 1986); 
ii) the higher tenperatuee range (16 - 24.5.c) for Aco in New 
Yolk state (Gordon and Npp 1980) and; iii) the wider 
temperature range (4 - 20.4'C) for AC(gb) in New Hampshire 
(Lake and Burger 1983). Thase differences reflect geographic 
variation in stream conditions, but whether local cytotypea 
have been selected for these conditions is at present unknown. 
Although oontingency table analysis showed cytotype 
occurrence was not random, many stream variables showad little 
variation among stream type. The single moat important 
variable aseo~iated with cytotype distribution was the 
DEEv~enCe of outlets. clearly, EPGIC, ACD and to a lesser 
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degree M were sublaouatrine in distribution, whereas CC2-3 
and Ac(gb) were found primarily downstream (Tables 5.7 and 
5.8, ~igs. 5.3 and 5.6). In a similar study, involving 20 
~ ~ t ~ t ~ x ~ n o o i c a l l y  defined simuliids from several complexes, 
ciborowski and ~ d l e r  (1990) fovnd larval nawmblago patterns 
were determined by proximity to outlets as well as stream 
size. The finding of these authors that ACD dominated lake 
ontlats and CC3 domiuated sites downstream in northern 
saskatohewan concurs with the findings presented here. 
In northern Saskatchewan, M-A/C-CC (combined 
M, A/C, CC -) was most abundant at large river 
sites, removed from outlets, which is clearly contrary to the 
distribution of M in Newfoundland. In Newfoundland the IIS 
arm of M is almost without ex~eption AA In both males and 
females (Table 3.5). On the ather hand, males were 
preferentially A/c and females preferentially M in 
Saskatchewan (Ciborowski and Adler 1990). whether reportad 
differences in habitat selection indicated 2 cytologically 
distinct populations, or a single variable cytospecies, 
warrants further investigation. 
As discussed earlier (chapter 1). EFG/C and ACD are 
c h r ~ m ~ ~ ~ m a l l y  eq~ivalent to the Eumpean species S. 
and a. respectively (chapter 1). Both a. 
(carlsson st a. 1977; wotton 1979, 1982) and 1. zcx&&m 
(Sshrader 1983, 1988) are known as sublecustrin~ apasies in 
Europe, sunporting the conspecificlty of these Enropean 
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species with North American cytotypas. In New Hampshire, EPG/C 
(cited as a. -) ocaurs below small ponds and lakes 
(Burger 1987). The few remaining studies relevant to 
Newfoundland oytotypes do not specifically mention any 
affinities for outlet vs nonoutlet sites (Gordon and Cupp 
1980: Eupp and Gordon 1983; Lake and Burger 1983; Adler 1986, 
Adler and Kim 1986; Currie and Adler 1986). 
Black fly larvae occur in very hirjll numbers at lake 
outlets and decline further downstreab (Carlsson & El, 1977; 
Sheldon and Oswood 1977). presumably in response to ohanges in 
food quality, substrate stability, flow conditiozs and 
ovipositional cues (carlseon et a. 1977; wotton 1987). 
Although these factors may aocount for larval abundance, they 
do not, with the exception of ovipositional cues, explain why 
species would be restricted to such a habitat (Colbo 1979: 
Burger 1987). lor example, Thompson (1987a b) concluded that 
simuliid occurrence was not explicable in terns of 
availability of specific foods, but food quality and quantity 
could influence density. Although Schrader (1988) found that 
inter6peoifi~ food differen~es sorrelated with the 
distribution of 5 simuliids, gut contents also reflected local 
food rvailability. Accordingly, the relationship between food 
and distribution was unslear. 
With the exception of proximity to outlets (i.e.. outlet 
ve downstream locations) (Table 5.8), no other factor was 
oonsistsntly correlated with the occurrence of oytotypee. 
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In the care of EPGJC, which was almost Pmlusively found at 
outlete, no additional factors were associated with 
~ccurrence. One of the 3 nonoutlet sitae harbouring EFGJC was 
located 500 n downstream from an outlet and probably 
represents the downstream limit of its distribution (Wotton 
1979). The single specimen identified from a large stream rite 
yielded poor ohromosomes and its identification is in doubt. 
Alternatively, 100 m upstream frem this site the stream was 
deep, slow and vide, similar to conditions found in a small 
pond. 
The positive correlation of ACD with conductivity may 
indicate a preference for anriahed sites. In a study of larval 
distribution over northwestern North America, Corkum and 
currie (1987) found stream lafking black flies had higher 
conductivity (among other factors) than streams with these 
insects. These same authors also showed oonductivity useful in 
predioting aimuliid assemblages. on the b a d e  of differences 
in conductivity and pH, Gmnewald (1976) divided members of 
the slmlhm &mes.w complex into 3 groups. In Tanzania, 
Grvnewald kt a. (1979) found the distribution of SimuLh 
de Heillon shifted with seasonal changes in 
sondustivity. In New Y o d  state, members of both the S. 
xswsanlveracundum and s imlbm jmx&@ nnlloch groups weee 
divided on the basis of strean pH and ionia content (Gordon 
and cupp 1980; Gordon 1984). However, as I have mentioned, I 
find the results presented by cordon and Cupp (1980) 
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unconvincing. 
AA was more frequently found on vegetation (positive 
correlation) than on rocks (negative correlation). ~ g g s  of the 
aumar generation(s) are deposited on emergent and trailing 
vegetation (Colbo pers. somm. 1987: chapter I) which would 
account for the preponderance of larvas on vegetation. The 
high insidense of trailing and emergent vegetation at 0 and T 
sites may also explain why AA was often found at theee sites 
(Table 5.7). adler and Kin (1986) and Ciborowksi and Adler 
(1990) also found AA and AA-AIC-CC respectively, associated 
with trailing vegetation. It appears the larval dietribution 
of the s-er generationls) of AA war influenced by the 
availability of vegetation for ovipoeitional sites or larval 
Substrata. The availability of suitable substrate is known to 
limit eimuliid distribution (Maitland and Penny 1967; Lewis 
and Bennett 1975). Larvae of the spring generation, which 
arise from eggs deposited over open water in the fall (Colbo 
pers. o m .  1987), vrre not correlated with substrate, but 
shared a signifisant positive relationship with outlets. In 
this case larval distribution could be the oonsequence of 
females from the fall population preferentially ovipositinq at 
subla~uatrins locations. Dieters are known to shift habitat 
requirements over time (Rae 1985). 
Interestingly, ACD also oviposits on vegetation in the 
summer (ohapter 4 )  but shared no substrate preference either 
hers or in ths study of Lake and Burger (1983). In further 
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contrast t o  AA, AcD was highly correlated with out le ts  in t h e  
summer collections. Though excluded f r o m s t a t i s t i c a l  analysis,  
6 of t h e  7 positive ident i f ica t ions  of ACD in  the  spring were 
alG0 a t o u t l e t s .  Clearly, out le ts  exertconsiderable influence 
on the  choice of breeding s i t e s  f o r  ACD. 
correlation analysis (Table 5.8) shoved AC(gb) was moat 
frequently ident i f ied  from s i t e s  with lower temperatures 
(present = 13.5-c f2.8; absent - 15.9'C k3.1) , mixed larval  
6Ubstrates and a stream bed of small stones andfor rubble. The 
f a c t  t h a t  AC(gb) was identified from a l l  3 locations with 
complete canopies accounts f a r  the positive oorrelation with 
canopy cover. canopy cover has been reported t o  increase t h e  
abundance of some s inul i ids  (Towns 1981; Bahnrer and Hawkins 
1986). but 0." reduce species richness (Bishop 19731 Colbo and 
Moorhouse 1979). Although AC(gb) was abundant a t  a canopied 
s i t e  i n  New Hampshire, boulders formed a s iqni f icant  par t  of 
the  stream bed. (Lake and Burger 1983; Pistrang and Burger 
1984). 
Again d i f fer ing  frrn the r e s u l t s  presented here, ACIqb) 
occurred i n  2 of 5 out le ts  investigated i n  New Hampshire, and 
was very abundant a t  one of these lC-=ations (Lake and Burgar 
1983; Pistrang and  urger 1984). M l e r  (1986) noted t h a t  
S ~ L U ! U B  &CQLW and Smnhja dasotensie (Dyar and Shannon) 
were largely confined t o  out le ts  i n  eas tern  North America but 
showed no such r e s t r i c t i o n  in  Alberta. Thus, habi ta t  selection 
in  some cytrotypes may vary with geographic location, a 
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poss ib i l i ty  also raised by Pistrang and Burger (1988). 
CC2-3 was negatively correlated with dissolved oxygen 
content i n  the spring. When the  analysis was res t r ic ted  t o  
males it was found tha t  bath CCZ and CCI shoved a s igni f icant  
negative corre la t ion  with dissolved oxygen.   he decrease i n  
dissolved oxygen content nf atreams during the summer (spring 
- 10.0 .t 1.1 mgjL, sumer = 9.2 f 1.1 mgjb; t = 3.95,  df - 
102, p C 0.001) may account for  the nonsignificant correlation 
between oxygen and cc2-3 a t  t h a t  t ine .  Thus, t h e  pradictive 
value (or t h e  biological importance) of a variable may be 
seasonal. Csrlsson (1967) suggested t h e  importance of 
dissolved oxygen has been overemphesised. Reisen (1977) did 
not believe changes in  dissolved oxygen had any signiricant 
impact on simuliid density in an Oklahoma stream. On the  other 
hand, Adler and Kim (1984) showed t h e  d is t r ibut ion  of IS-7 and 
IIIL-1 s ib l ings  of t h e  2. complex was very much 
dependent on dissolved oxygen as wall as other factors 
affecting respiratory s t ress  (temperature, current).  
The a b i l i t y  t o  re l iably  ident i fy  cytotypa asaemblagea and 
predict t h e i r  occurrence m the  bas is  of stream type or other 
variables would grea t ly  reduce the dependence on cytotaxonomio 
ident i f ica t ion .  However, the  only information gained from 
clus ter  analysis (Figs. 5.4 and 5.5) was t h a t  out le t  s i t e s  (0) 
tended t o  c lus ter  together as did downstream s i t e s  (T, S, L) . 
No other s igni f icant  groupings were defined. Corkum and Currie 
(1987) were able t o  group simuliid morphospeoies assemblages 
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throughout northwestern North Amerioa into 5 distinct 
clusters. They were a l m  able to predict (discriminant 
analysis) a stream site's membership to one or these 5 groups 
with 71% accuracy, based on a few simply measured stream 
variables (latitude, distance from source, drainage basin, 
stream width, conduotivity). Using 5 species of blackflies, 
including 2. rostraturn, sohrsder (1988) was able to cluster 19 
stream sites from 2 Irish drainage basins into headwater, 
downstream, and outlet sites. Sohrader (1988) noted that S.  
was restricted to the outlet sites. 
The majority of sites sampled in this study supported 
mixed cytotype populations (Table 5.3, Flg. 5.2). Future 
studies of the S. vanuetum/veramndu~ cemplex in Newfoundland 
and elsewhere must recognize that most sites support mixed 
populations (e.9.. Lake and Burger 1983). In contrast, Adler 
and Kim (1984) found that 701 of 167 sites in the eastern 
United States appeared to support pure populations of either 
15-7 01 IIIL-1 S. x&t&m siblings. In '.;a present study, 
species richness was shown to bp the lowest for large streams, 
a consequence of the rare identifications of EFGIC, ACD or 
AC(9b) (Table 5.7) from these sitas. Species richness for 
simvliide has bean linked to stream permanency (Merritt & a. 
1978), Stream size (Konurbayev 1978), canopy cover (Bishop 
1973; Colbo and Moorhouse l979), stream productivity (LaKe and 
Burger 1983) and acoregion (Colbo and Moorhouse 1979). 
I. EPGlC and ACD dominated outlet sites in the spring and 
summer respectively. EFGIC war rarely found at downstream 
sites. 
2. me cca-3 and ~ ~ ( g b )  oytotyees were most frequent at 
downstream 8it88. In thees locations CC3 was most frequently 
identified from large streams, whereas ACIgb) was most 
frequently found in cool, oanopied streams where the stream 
bed consisted mainly of small stones andlor rubble. CCZ was 
commonly encountered in all downstream locations. 
3. m the spring AA was cornon to both outlet end nonoutlet 
sites but favored the fomer. In the sumee AA was most 
frequently found in outlets and trickles. The summer 
generation(s) of IVL was associated with the distribution of 
trailing and emergent vegetation. 
4. It is argved that differences in the spatial distribution 
of cytotypee Eannot be assumed to represent habitat 
partitioning without the appropriate experilaantal data. 
TABLE 5.1. Correlation coefficients used in correlation analysis between cytotypa occurrence 
and stream variables. 




( 0  / 1 )  
temperature stream subrtri 3te outlets 
PB canopy cover 





weif icient (r)' rw rdr re 
significance F - * I N - 2 )  a = =. (N - I ) O . I  z = =. (N - 1 p . s  
test 1 - r' 
'Correlation coefficients and tests of signirisanse taken from marry ( 1 9 8 1 ) .  =*and re are 
commonly referred to as M e  point-bisarial and phi correlation coefficients respectively. 
TABLE 5.2. Total nurober of individuals of each cytotype 
identified from 118 collections on the Avalon Peninsula. 
cytotype Number 
identified 






'Based on 387 male identiiications, CC2-3 consieted of 75.7% 
CC2 (CI = 71.1 - 79.9%) and 24.3% CC3 (CI = 20.1 - 28.9%). 
TABLE 5 . 3 .  Kmekal-Wallis and Tukey-type multiple comparison 
analysis  o f  EYtotype richnsrs among out le t ,  t r i c k l e ,  small and 
large stream habitats.  
stream man' naaian" 
typo rank 
%dl. 
'Hean ranks with different l e t t e r s  were s ign i f i cant ly  
d i f ferent  a t  p < 0.05. 
+'median values given for conpanrtive purposes only. 
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TABIE 5.4. ANOVA and Tukey multiple comparison analysis of 
depth and pH among out le t ,  tr i sk le ,  small and large stream 
habitats. 
Mean' ( ~ S D )  
Depth PH 
Spring oollections 
out le t  
~ r i o k l e  
Small 
Large 
F,,% = 15.57*** F ,,,g - 0.74 





%sans (within season) for each col lect ion  with different 
l e t t e r s  were s igni f ioant ly  different a t  p c 0 . 0 5 .  

TIBLB 5.6.  Range of fontinuous stream variables under Which each cytatype was fcund. 
s t r e a m  observed range observed range for -type 
variable of variable 
EpGlC ACD m CC2-3 AC(gb1 
Depth 0.04 - 0.48 0.09 - 0.06 - 0.06 - 0.04 - 0.04 - 
(m) 0.23 0.33 0.40 0.48 0.41 
Temperature 8.5 - 23.0 11.0 - 11.0 - 9.5 - 8.5 - 8.5 - 
(C'I 22.0 21.0 22.0 23.0 19.0 
PH 4.8 - 7.4 5.3 - 5.4 - 5.3 - 4.8 - 4.8 - 
7.2 6.5 7.4 7.2 7.2 
Disrclved oxygen 6.3 - 12.4 7 .  - 6.3 - 6.1 - 6.3 - 7.1 - 
( ~ ~ I L I  12.4 12.4 12.4 12.2 12.2 
Conductivity 13.0 - 99.0 26.0 - 34.0 - 16.0 - 13.0 - 18.0 - 
(pSfSm at 25-C) 7 3 . 0  99.0 99.0 99.0 49.0 
TAELK 5.7. Frequency DIM~YS~S IG-tests1 as cYtotYPe occurrence (+ I - )  among strean types. 
EFGIC' ACD AA CC2-3 AC(gb) 
- - - + - - - + - + - + - + - 
S~rine collections 
- 0 k - t  I 4 1  6 9  8 7  
Tricxle 
4 11 1 1 4  
2 1 3  0 1 5  6 9  1 5 0  9 6  
Small 0 15 1 14 3 12 13 2 10 5 
Large 1 1 4  2 1 5  2 = a  
~otalno.ofstreams 17 43 7 53 19 41 46 14 24 36 
Gal." 42.7.* 6.7 26.9. 16.0"' 
Total oolleotions 
Outlet 15 15 19 11 18 12 
Triokla 
4 26 1 2 9  
2 27 6 23 16 13 26 3 10 19 
small 0 30 3 27 8 22 27 3 13 17 
Large 
33.4r.e 14.5. 60.2**' 18.3**' 
'The + and - columns are number of streams each cytotype was, and was not identified from, 
respectiva1y. 
"G,;. is G value using William's continuity correction. DE = 3 for all tests. w 
TABLE 5.8. Correlation analysis between cytotype oaurre-ence and stream site conditions. 
correlation coezficiente 
EFGlC ACD U CC2-3 AC(gb) 
spring aollections 
DCPth (11 
Temperature ( - C )  
DH 
4;G.i. Lah partisla sire -0.069 
Riparian vegetation 0.034 
canopy cover 0.092 
Larval -rock (+I-) 0.189 
substrata -vegetation [+I-)  -0.149 
-mixed (+I-) -0.052 
summer collections 
D~PUI (ml -0.113 0.004 -0.005 
Temperature ( * C )  0.100 -0.061 -0.172 
-0.079 0.095 0.050 
E!ssolved oxygen (mg/ll -0.204 -0.161 -0.025 
conductivity (gslsn at 25°C) - 0.405'- 0.155 0.026 
Outlet (+I-) 0.593+** 0.197 -0.784"' - 
stream bed particle size -0.079 -0.170 -0.009 
Riparian vegetation -0.200 -0.131 0.008 
canopy cover 0.027 0.254 0.118 
Larval -rOCK (+I-) -0.137 -0.354** 0.117 
substrate -vegetation (+I-) - 0.076 0.123* -0.104 
-mixed (+/-I 0.048 0.000 -0.000 
p < 0.05, " p C 0.01, "+ p C 0.001. w L 
PIG. 5.1. Location of oollaction s i t e s  Avalon Peninsula 
Newfoundland. The peninsula covers a godo km2 area and lie; 
between 46- .35'  - 48..11' N a n d  54'.13' - 5 2 ° . 3 8 1  W. 

PIG. 5 .2 .  Prequenoy histogram or cytotype richness among 
sites. 
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NUMBER OF CYTOTYPES 
FIG.  5 . 3 .  Combined percent cytotype composition for each 
stream type. For spring collsotions n = 210 scored 
larvaelstream type. For summer collections n = 196 for tr ickle  
and large stream s i tea  and 210 For outlet and small stream 
s i t e s .  Total number of larvae scored - 1652. 
SPRING SUMI.IER 
OUTLETS 
PIG. 5 . 4 .  Dendrogram of 60 stream s i t e s  based on cytotype 
fauna. Data are for spring co l l ec t ions .  Dendrogran produced 
usin- the Jassaed a imi lar i tv  coe f f i c i ent  and sinole linkaoe 
.-- -- ~~ 
clusierins. o = out le t ,  T = ' trickle,  s = small, and L = l ar& 
stream s i t e .  
Jaccard's coefficient 
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PIG. 5.5. Dendrogran of 5s stream sites based on cytotype 
fauna. Data are for e m a r  ~olleotions. Dendrogram was 
produced using the Jaccard similarity coefiisient and single 
linkage clustering. 0 - outlet, T = trickle, s = small, and 
L = large stman site. 
Jaccard's coefficient 
-48 .80 1.1 2 
E l  
PIG. 5.6.  Dendrogram of cytotrpe association based on number 
of co-ocr;urrences. Data are for springcollsctions. Dendrogram 
was produced using the Jaocard similarity coefficient and the 
UPGMA cluster algorithm. 
Jaccard's coefficient 
.I 0 .30 .50 
YICRODIB2RIBU2IOU PATTBRWB OP LARVAE. TI. FACTORS 
ABBOCIAVED I I l T  CYTOTYPll COWOBITION llllD ABUNDANCE 
In chapter 5 attention was focused on the pattern of 
cytotype occurrenae (presence 1 absence). This chapter 
continues the analysis of macrodistribution by an examination 
of Esotors associated with ohangea in cytotypa abundance and 
composition. lwo data sets were examined; the first from a 
single drainage basin with the intent of developing empirical 
models relating cytotype abundance to stream site oonditions. 
AD results from chapter 5 suggested the existense of distinct 
outlet and downatrean faunas, predistable changes in cytotype 
composition should acurr vith increased distance Erom lake 
outlets. A second data set allowed comparisons of field data 
to expestations generated from chapter 5. In addition, larval 
M were taken in sufficient numbers Eromthis second data set 
to examine adult dispersal h s e d  on the discontinuity of the 
IIL-4 poly.orphism. 
CYtotYPe abundaneo within singla drainage baain 
The Piccos drainage basin (Fig. 6.1). looated 12 km N of 
St. John's, Newfoundland, Canada, (47.38, - 47-43, N and 
52-50, - 52.42' W) was eelasted as the study site. The 
majority of streams were first and second order, with the 
larg'ast, Picsos Brook, a fourth order stream draining into the 
Atlantir: Ocean. The distribution and abundance of aytotypas 
was quantitatively investigated using single 10-om lengths of 
stifr monofilament fiehing line (diameter z 2 . 0  m), eash 
individually anshored to a small piece of metal. Ten filament 
samplers were placed at eash of 13 sampling stations (Big. 
6.1) using s stratified random sampling design (strata = fast 
and slow water velocity) and left for 1 week. Particulars of 
the fili c samplers and tha sampling design are deferred to 
chapter a (Phenology) where the performance of both sampler 
and sampling design are evaluated in detail. Each sampling 
station ~onsisted of a 5-10 or 10-n stretch of stream 
(depending on stream size). Sampling was conducted during the 
last week Of Hay, 1987. 
At retrieval, each Pilament was removed from the stream, 
 overed with a culture tube, cut from the anchor, and the tube 
~apped and plaaed on ioe for transportation to the laboratory. 
Stream variables measured (for details see chapter 21 at each 
site during the time of filament retrieval included depth, 
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width, velocity, temperature, sondustivity, pH, and dissolved 
oxygen. Depth ( 3  - 4 equidistant readings) and width were 
measured a t  the upstream, downstream, and midpoint boundlries 
of aash sampling s ta t ion  and means determined. Measurements r t  
the  s t a t i o n  midpoint of velocity (3 - 4 equidistant readings) 
5 cm above the atrean bed (i .e. ,  aent re  of filament) and depth 
and width were used t o  ca lsula te  discharge. Three reston 
samples ware collasted 1 m upstream from M e  sampling s t a t i o n  
and r e s u l t s  averaged (chapter 2).  Stream order and distance t o  
the  nearest pond out le t  wars estimated f o r  eash s ta t ion  from 
a 1:25,oaa topographisal map. 
Upon returning t o  t h e  laboratory larvae were fixed and 
the  number of l a e t  ins tar  P. ~ t u m / v s r a c u n d u r n  on aash 
filament counted. An attempt van made t o  score a l l  l a s t  i n s t a r  
larvae. I t  was assumed t h a t  unscorable Eytotypes occurred i n  
the  same frequenay as ssorable sytotypes. 
1.c1u.n. Of OUt1.t. 0. eytotm. aapo.ition 
~ e s u l t s  of Ehapter 5 suggest predistabla Ehanges i n  
cytotype composition should essurwi th increased distance from 
out le ts ,  a8 downstream spesies replace those suited for 
subla~ustz ine  conditions. If ~ h a n g e s  are assumed t o  be 
proportional t o  distance from out le t ,  then cytotype 
replasment could be dessribed i n  a formal model as: 
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where m equals the dirtanse from a lake outlet in meters. If 
a second assumption is made that cytotype repl&oement is a 
linear or curvilinear Lunction of dietanoe then the model 
takes the €om: 
The Purpose here was to compare field data with the 
axpectatione generated rrom the above model. Polynomials were 
restricted to quadratic and m b i o  terns aa powers higher than 
these are seldom important in biologisal work (Sokal and RohlE 
19al) . 
Field data wsre from 2 ayatematic collections working in 
a downstream direction from pond outlets. The first collection 
(June 2, 1988) was from the ceoond order stream draining Axes 
Pond (47*40'45" N, 52°46'30" W). This pond war located on 
the Piscoa drainage basin (Pig. 6.1, upstream of station 7 ) .  
swath samples were taken at lo, 30, 40, so, So, 80, 120. 160. 
360. 400, and 500 m fronthe outlet. When larvae wsre present 
m both rook end vegetation substrates separa.de collections 
were made. At each ~olleotion site depth (n = 3) and velooity 
(n = 3) were neasured along the collection swath; conductivity 
and temperature were also noted. Due to technical diffioultles 
pn (n - 7) and oxygen (n = 8 )  were not measured at all sites. 
The second collection (June 10, 1988) was from Broad Cove 
srook (47*341151( N, 52°51800*+ w), a fourth order stream 
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below Healey's Pond, 11 km W of st. John's. Colleotions were 
restricted to vegetation as few larvae were found on rooks 
found further than 30 m from the outlet. An extra site at lo00 
m was added to the Broad Cove collection. Depth (n = 3 ) .  
aeston (n = 3) , dissolved oxygen, pH, 'ondustivity and 
temperature were measured at lo, 50, 120, 320, and 500 m. ~ l l  
stream variables were measured according to methods presented 
in chapter a. 
Cytotaxon~mic identification of all larvae in each swath 
sample would require a prohibitive amount of time. The percent 
of each cytotype in a sample was estimated from a random 
rubsample of 22 with a mean confidence interval of 18.48 
(Appendix 2). Substantially increasing subsample size d ~ e s  not 
greatly dearease ereor, but increases identification tine 
considerably. For example, increasing subsample size from 22 
to 50 decreases the man confidence interval to 11.81, but 
doublee identification time. In cases where larvae were 
collected from both ro& and vegetation (Axes Pond), 22 larvae 
from each substrate were scored and the results combined. 
adult eilp.Zs.1 
Larval M were taken in sufficient numbers at both the 
Axas Pond and Broad Cove sites for inference about adult 
dispersal. Larvae were scored for the IIL-4 autosomal 
polymorphism from the 2 populations (Ares pond and Broad cove) 
and separately tested (C-teats) for Hardy-Weinberg 
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equilibrium. Subsequently the Frequency distribution for the 
IIL-4 inversion was compared betw~en the 2 populations (c- 
test). A significant discontinuity between the 2 sites is 
interpreted as evidence of restricted gene flow resulting from 
low adult dispersal (Rothfels 1981b). Conversely, a non- 
significant result is evidence of unrestricted gene flow and 
high dispersal ability (Adlar 1983). The 2 sitas were 12 km 
apart. 
Data analyair 
Cytotyee abundance.. A detailed dessription of regression 
methodology is given in chapter 7 (where regression protocol 
was initially developed), therefore only a brief account is 
given here. Best-regression (exploratory) and stepwice 
(variable selection) routines vere used to reduce the number 
of potential variables to significant predictor variables (p 
< 0.05) while producing an unbiased model. variables which 
failed a tolerance of 0.01 were excluded from the analysis. 
Larval abundance counts vere transformed to the log (r  + 1) 
(Elliott 1977) to satisfy the assumptions of regression 
analysis (sokal and ~ o h l f  1981; Zar 1984). After initial 
variable selection models were scrutinized by an examination 
of residual plots, leverage points. Cook's distances and a 
1aok of fit routine, whish did not require replication. 
A sequential, agglomerative, hierarchical cluster 
analysis war used to group stream sites by similarity of their 
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cytotype fauna. Since data ware of a quantitative nature the 
c~eifi~ient distance (Sokal 1961; Kovnaoki 1985; Schrader 
1988) was used to determine dissimilarity between each site. 
This coefficient was calculated sa: 
where n = number of cytotypes at paired sites, x,, = proportion 
of cytotype i at site j, and x,, - proportion of cytotype i at 
site k. Sites were excluded if total larval abundance fall 
below 10 (see Schrijder 1988). A tree dendrogram was produced 
using the UPGW algorithm (~ohlf 1988). 
Cytotype semposition. The model presented in equation 2 
was tested udng a stepvise multiple regression routine. A 
significant regression was considered grounds for acceptance 
of the model. The aignificmce of each distanoe term described 
the farm of cytotype change 1i.e.. linear or ourvilinear). The 
dependent variable (percent of cytotypa,) was subjected to an 
arcsins tranefoimation as reomended by Sokal and Rohlf 
(19el). Distances ware expressed as logs which improved both 
modeling and graphical repraeentation of M e  data. After 
initial variable selection M e  resultant models were 
scrutinized as outlined above. At Axes Pond the influence of 
water depth, veloaity, temperature and conductivity on 
cytotype compasitlon was examined using stepvise regression. 
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RESULTS 
Cytotypa abundance within a single drainage basin 
Cytotype abundance at each of the 13 sampling stations is 
shown in Table 6.1. CC2-3 and AC(gb) were the most abundant 
and widespread cytotypes, occureing at 10 and 7 sites 
respestively. Unequivocal male identifications (n = 52) showed 
the CC2-3 population consisted of 94.2% cc2 (CI = 84.1 - 
98.8:) and 5.81 CC3 (CI = 1.1 - 15.9%). Hence, results for 
CC2-3 largely pertain to CC2. 
Tha distinction between sublacustrine and downstream 
faunas is apparent in Tabla 6.1. EFG/C was collected in 
greatest ncmbers at station 7 (65 m from nearest outlet, Fig. 
6.1) and ACD and AA were found only at this site. cc2-3 and 
AC(gb) were collected in greatest numbers at sites removed 
from outlets (Table 6.2, Fig. 6.1). The occurrence af CC2-3 
was also significantly correlated with AC(gb) (r*, = 0.592, df 
= 11, p < 0.05). 
The abundance of a. E=mat.un/yerecundun larvae 1i.e.. 
total larvae) and cc2-3 larvae iP.creaLBd with increasing 
seston (total suspended particle) loads (range 0.43 - 4.00 
mglL) and discharge (range 0.01 - 0.75 m3/e), and decreasing 
conductivity (range 39 - 67 p S / o  at 25-C) (Table 6.2). The 
abundance of AC(gb) increased with increasing stream width 
(range 0.7 - 7.4 m) (Table 6.2). An examination of residuals, 
leverage points, cook's distances and the lack of fit routine 
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indicated regression models were an adequate fit to the data. 
B i ~ a r i ~ t e  plots Of log observed abundance and log predicted 
abundance (Fig. 6.2) showed modest and even scatter around the 
1:1 diagonal line, a further indication of reasonable fit. 
seven stream bites had sufficient laevae for cluster 
analyais (Fig. 6.3). At the 90% level 2 distinct site clusters 
occurred. Group 1 indudad the 2 sites closest to outlets (5 
and 7) and group 2 included remaining sites. At the 80% level 
2 further clusters can be identified Cron group 2. The first 
cluster included sites where CC2-3 was the most abundant 
oytotype ( I ,  8, 9. lo), and the second cluster was the lone 
site ( I l l  where AC(gb1 was most abundant. The cophenettic 
correlation coefficient of 0.867 indicated that the dendrogram 
wae a good fit to the reeemblanoe matrix. 
Influenca or outlata en cytotgp. composition 
At the Axes Pond site M end CC2-3 together comprised 
90.3% of the total collection (Table 6.3). Kale 
identifications (n - 51) shovedthe CC2-3 population consisted 
of 92.2% cca (cr - 81.1 - 97.8%) and 7.8% cc3 (CI = 2.2 - 
18.9%). At Broad Cove 75% of the total collection consisted of 
the E m / C  and M cytotypea (Table 6.3). Consequently, 
attention was restricted to these cytotypas. Regression 
analysis (Table 6.4, Fig. 6.4) showed a continuous, 
directional, pattern of ohange in cytotype composition with 
distance from an outlet. Peak fraymency of AR occurred much 
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further downstream at Broad Cove (110 n by model) than at Axes 
Pond (10 n by model) (Fig. 6.4). It is interesting to note 
that this difference foe AA was concurrent with a high (Broad 
Cove) and low (Axes Pond) frequency of EPG/C (Table 6.1). 
At Axes Pond no significant relationships (stepwise 
regression) were detected between cytotypa composition and 
station depth (0.09 - 0.22 a), velocity (0.28 - 0.69 m l s ) ,  
temperature (10.5 - 12.0PC) and conductivity (45 - 63 pS/ca at 
25-C), or quadratic erpressio~a of thase variables. Sinoe 
measurements of dissolved oxygen and pHware not available far 
each station, these variables were omitted from regrassion 
analysis. Both dissolved oxygen (10.8 - 11.4 mg/L, n = 8 )  and 
pH (5.9 - 6.2, n = 7) shoved little variation among stations 
measured. At Broad Cove stream measurements were taken at 5 
stations (lo, 50. 120. 120. and 500 m). Dissolved oxygen (11.9 
- 12.3 mq/L), pH (6.0). temperature (11.0 - 12.0°C1 and 
conductivity (64 - 73 pslcm at 25T) ehowed little or no 
variation among stations measured. Seston varied between 0.37 
- 1.73 mg/L and depth varied between 0.17 - 0.26 m. 
Adult dispersal 
Aa populations from both axes Pond and Broad Cove sites 
were in Hsrdy-weinberg aquilibrium for the IIL-4 autosoma1 
polymorphism (Table 6.5). Incontrast, frequency distributions 
for the IIL-4 inversion between rites were siqnificantlY 
different (ad,, - 10.75, df = 2, p < 0.01). This difference is 
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evidence of reatrioted gene flow between populations, 
ruggasting adults from these 2 sites do not freely intarbeeed. 
In chapter 5 it was argued that the occurrence of a 
spesies in a particular stream, or section of a rtraaw, was 
largelythereault of female ovipositional behavior. Abundance 
on the other hand, is a function of the number of fenales 
ovipositing at a site, as well as larval survival, immigration 
and emigration. Although selection would favor adults that 
disoriminate and select ovipositional sitas where larval 
survival is maximized, future stochastic events will 
nevertheless influenoe larval abundance. It follows that 
occurrence and abundance can be influenced by different 
abiotic or biotic factors acting on different stages of the 
life cycle, as the results presented in Tabla 5.8 and Table 
6.2 would suggest. 
The analysis presented in Tabla 6.2 is the first attempt 
at modelling the macrodistribution of individual members of 
any North Amerisan simuliid complex. Conductivity, discharge, 
and seston explained a significant amount of the variation in 
both total larval (R2 - 73.38) and CC2-3 larval (R' = 68.8%) 
abundance. M 18.71 of all larvae cytotyped were CC2-3, 
selection of identical independent variables for total larvae 
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and CCZ-3 is no t  su rp r i s ing .  
The response of preimaginal  black f l i e s  t o  discharge has 
shown considerable va r i a t ion .  Shipp and Procunier (1986) found 
poe i t ive  c o r r e l a t i o n s  between discharge and t h a  seasonal  
abundanse of S h . U m  deioliarti (IIS-14.15) and Prosinuliurn 
gn~aw&&yum (2a, 2b) Dyar and Shannon, which t h e y  suggested 
was probably r e l a t e d  t o  food a v a i l a b i l i t y .  Reisen (1977) 
Suggested t h a t  t h e  negative c o r r e l a t i o n  between t h e  abundance 
of shujJlu C o q u i l l e t t  and discharge was e i t h e r  a 
response t o  increased periphyton following increased r a i n f a l l  
or scouring dur ing  e p a t r s .  Spates were a l s o  found t o  g rea t ly  
reduce l a r v a l  abundance i n  both Scotland (Maitland and Penny 
1967) and Newfoundland (Levis and Bennett 1975). however, i n  
t h e  l a t t e r  case l a r v a l  d e n s i t y  raturnad t o  pre-spate l eve l s  
wi th in  3 - 4 days. The la, population l e v e l  of preimaginal 
gustrorirnuliun b a n c r o f t i  (Taylor) during t h e  summer months i n  
Aue t ra l i a  was p a r t l y  the  r e s u l t  of reduced subs t ra te  
s u i t a b i l i t y  r e s u l t i n g  from a f l u c t u a t i n g  d i scharge  (Colbo and 
Moorhouse 1979). The h i g h  abundance oC E h L i u  c h u t t e r i  Lewis 
a t  a s i t e  on t h e  Vaal R iver ,  South Africa,  was d u e  t o  t h e  lack 
of competi tors and p reda to r s  which was prrasunably t h e  r e s u l t  
of marked changes i n  d i scharge  (Chutter  1968). I n  Michigan, 
Ross and n e r r i t t  (1978) repor ted  a negative cor re la t ion  
between t h e  n u h e r  of win te r  l a rvae  co lon iz ing  a r t i f i c i a l  
s u b s t r a t e s  and d i scharge .  During February, h igh  discharge 
f u r t h e r  influenced population dynsmiss by s t imula t ing  a second 
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ha tch  of E r o s h u l i u r  and s t e a o n t e m  .Iltata 
Kalloch. It is evident  t h a t  t h a  r e l a t ionsh ip  between d i scha rge  
and s i n u l i i d  dens i ty  may be of a loca l  nature and have  many 
underlying causes. 
In  t h e  Present  study, as stream dissharge increased so 
d i d  width, depth, and stream order, but not water  ve loc i ty .  
Therefore,  increased abundance of CC2-3 with d i scha rge  may be 
r e l a t e d  t o  an increase i n  e t r e s n  s i r s  (width) o r  order,  as war 
t h e  case fo r  AC(9b). Both species occurrence and abundance 
have  been ehovn t o  vary with stream s i z e  and /o r  order 
(Xonurbayev 1978; Colbo 1982; Burger 1987; Corkum and N r r i e  
1987; SchrUder 1988). s tream s i z e  and order may i n  tu rn  be 
r e l a t e d  t o  food supply, as algae,  an importame food source 
(Thompson 1987~;  no r in  and Peter  19881, can be  expected t o  
inc rease  f m n  haadvatere t o  mouth (Anderson and Sede l l  1979; 
Xultak 1979). 
To ta l  l a rva l  and CC2-3 l a r v a l  abundance inc reased  wl th  
e l eva ted  seston load. Although l a rvae  may be expected t o  graze 
t o  sore extent ,  most s p c i e e  ob ta in  t h e  bulk o f  t h e i r  food 
supply from t h e  aeston (Chance 1970; R lc r i e  and Craig 1987; 
Roes and H e r r i t t  1987). Both f i e l d  and laboratory s t u d i e s  have 
shown t h e  influence of food (quan t i ty  and/or qua l i ty )  on 
abundance and su rv iva l  (Carleson at. a. 1977; Colbo and Porter  
1981; Gilaseon 1985; Gilasson and Gordaarason 1988; Horin and 
P e t e r s  1988). As t h e  q u a l i t y  and quan t i ty  of the  organic 
con ten t  of seston va r i e s  between s i t e s  (Xurtak 1979; Morin and 
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P a t s r s  19881, increasing seston load i a  no t  n e c e s s a r i l y  
i n d i c a t i v e  of an inc reas ing  food supply. Furthermore, a 
measure of t o t a l  organic mat te r  i n  the seston i s  o f  l imi ted  
v a l u e  as only a port ion of t h i s  ma te r i a l  ( p a r t i c l e s  d 150 pa 
i n  diameter)  is ingested b y  s i a u l i i d s  (chance 1970; ~ u r t a k  
19791. Nonethelebe. Maitland and Penny (1967) suggested t h e  
i n ~ r s a s e d  .bandance of 3 spec ies  of s imul i ids  in t h e  lower 
s t r e t c h e s  of t h e  River Endrick war si r e s u l t  of inc reased  
s a s t o n  (auapandsd s o l i d s )  whish t h e y  believed vaa d i r e c t l y  or 
i n d i r e c t l y  r e la ted  t o  food a v a i l a b i l i t y .  ~ a d l e  d. (1977) 
a l s o  thought suspended s o l i d s  lnay p lay  some r o l e  in t h e  
d i s t r i b u t i o n  of s imul i ids  In t h e  River arme and i t s  
t = i b u t a r i e s .  The inportanme of ses ton  i n  the  present  study may 
be t h a t  it rapraaents bulk (Colbo and Wotton 1981). This i n  
t u r n  decreases passage t iale through tha gu t  (Thorapson 1987b). 
which may r e s u l t  i n  processing h i g h  qua l i ty ,  eas i ly  d iges ted  
foods  (e.9.. some a lgae ) ,  whi le  r ap id ly  voiding i n f e r i o r  food 
1e.g.. r e f r a c t o r y  d e t r i t u s )  . 
Tota l  larva. and CCZ-3 decreased as conduc t iv i ty  
increased.  As dissussed  i n  t h e  previous chapter,  o t h e r  s tud ies  
have  shown t h a t  conductivity may in f luence  p re inag ina l  
d i s t r i b u t i o n  (Gruncuald 1976; Gruneuald st a. 1979; Carkun 
and  Nrrh 1987; Table 5.8).  I n  con t ras t  t o  these  s t u d i e s  
Kohsen and n u l l a  (1982) found no cor re la t ion  between 
f l u c t u a t i o n s  i n  oonductivity and the  seasonal  abundance of 
W wil l i s ton ,  a. canadense Hearle or S. M 
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Dyar and Shannon. 
cytotypasompositionchanged i n a ~ 0 n t i n ~ 0 ~ 6 ,  d i r e c t i o n a l  
and p red ic tab le  (R2 = 52.4 - 92.2\) manner with inc reased  
d i s t ance  from o u t l e t s  (Table 6.4, Fig. 6.4).  Olejnicsk (19861 
found spec ies  composition changed over a 1 ka sec t ion  of 
stream s ta r t ing .  a t  an a r t i f i o i a l  lake and passing through a 
f o r e s t ,  forest-meadow t r a n s i t i o n  zone, and pasture.  Carlsson 
gt a. (1977). shoved a s t r i k i n g  d i f fe rence  i n  the s imul i id  
composition between an o u t l e t  s i t e  and 2 s i t e s  f u r t h e r  
downstream. Although percentage data are adequate f o r  
de tec t ion  of ohangas i n  steear.  fauna,  such da ta  do no t  explain 
the  underlying dynamics of change, a po in t  o f t en  ignored.  For 
example, t h e  observed changes in t h e  frequency of M end CC2-3 
wi th  increased d i s t ance  from the o u t l e t  a t  Axes Pond (Pigs.  
6.4a and h )  ~ o u l d  have resu l t ed  from any of the  following 
scenarios:  i )  abundance of M decreases  and CC2-3 relnains 
constant;  i i )  abundance of CC2-3 incraacas and AA remains 
cons tan t  or; i i i )  abundance of M decreases and CCZ-3 
inc reases .  s imi la r  scenarios =an b e  forwarded f o r  BPGIC and M 
a t  Broad Cove. Percentage d a t a  a lone  could not determine which 
of t h e  above p o s s i b i l i t i e s  exp le ined  the  observed p a t t e r n s  a t  
Axes Pond. Quanti tat ive d a t a  (Tabla 6.1, Pigs. 8.8 - 8.11) 
shove EffiIC and U most abundant a t  o u t l e t s ,  and cC2-3 and 
AC(gb) most abundant a t  darnstream s i t e s ,  which supports  t h e  
l a s t  a l t e r n a t i v e  as respons ib le  f o r  Figs. 6.4a and b. As well ,  
t h e s e  da ta  suggest  t h e  deo l ine  in percent EffiIC a t  Broad Cove 
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(Fig. 6.461 r e s u l t e d  from decreasing abundance with inc reas ing  
d i s t a n c e  from the o u t l e t .  
The  peak frequency of M occur rcc  much f u r t h e r  downstream 
a t  Broad Cave (330 m. Pig. & . a s ) ,  v ere EPGIC dominated the 
o u t l e t  (= 71.6) of l a rvae  i d a n t i f i s d  i n  the  f i r s t  50 m o f  the 
a t reaml ,  Man  a t  Axes Pond (10 m, Fig. € . . l a ) ,  where EFG/C was 
Baaroe (= 8.3% of l a rvae  i d e n t i f i e d  i n  f i r s t  5 0  n). Although 
f u r t h e r  inves t iga t ion  is requ i red ,  r e s u l t s  do suggest  t h a t  a 
high d e n s i t y  of EFGIC larvae may d i sp lace  aA downstream. and 
aA nay occupy areas c l o s e  t o  o u t l e t s  when t h e  EFG/C popu la t ion  
has  dec l ined .  It h a s  been shown t h a t  one spec ies  of b lack  f l y  
can d i s p l a c e  another (Hsrding and Colbo 1981; Wotton 1 9 8 2 ) .  
D i s p l a c ~ n e n t  would be expected when reeourcea (food,  space )  
are l i m i t i n g ,  although evidence o f  such competition is l i m i t e d  
(Hart 1 9 8 7 ) .  I n t e r s i b l i n g  compet i t ion  i s  an area i n  need  of 
a t t e n t i o n .  
The a n a l y s i s  shorn i n  T a b l e  6.4 and Fig. 6.4 h a s  a 
s i g n i f i c a n t  impl ica t ion  f o r  f u t u r e  sampling procedures. Since 
c y t o t y p e  compoeition changes s i g n i f i c a n t l y  over very s h o r t  
d i s t a n c e s  from o u t l e t s  ( 5  8 0  m), s t u d i e s  which r e p l i c a t e  
samples over such a l o n g i t u d i n a l  g rad ien t  may i n  f a c t  change 
t h e  s t u d y  population,  as oppoead t o  r e p l i c a t i n g  r e s u l t s .  I n  
fu tu re ,  samples near o u t l e t s  shou ld  inc lude  d i s t a n c e  from the  
ou t f low as p a r t  of s i t e  desc r ip t ion .  C lea r ly ,  it is not v a l i d  
t o  assume t h a t  8. ~ ~ / v e r e c u n d u r p  l a rvae  c o l l e c t e d  as 
little a s  80 m from an o u t l e t  r e p r e s e n t  the  same popu la t ion  as 
1 5 9  
larvae c o l l e ~ t e d  within the  f i r s t  30 m. I n  addition, the  
pattern of cytotype replacement =an be expected t o  vary 
(compare Pigs. 6.4a and c) . 
oiscontinuity between f rquency of the IIL-4 polymorphism 
i n  2 M populations 12 kr. apart suggested res t r ic ted  gene f l w  
between these s i tes .  Rothfals (1981b) noted a canspicuaue 
difference in  the  frequency of inversion polymorphism between 
populations of &oeinulium -, which ha interpreted as 
inbred and isolated populations. On t h e  other hand, 
showed no such discontinuities.  Rothfelo 
(1981b) ~ugges ted  differenoee may be dua t o  E. fuscun being 
autogenous, with females tending t o  oviposit a t  emergence 
r i t e s ,  whereas p. ni&!m is anautogenous. Siblings of the  
autogenous 9. omplex r e a d i l y  disperse (adlsr 1983) 
while snautoqenous AA appears t o  have restricted movement, 
suggesting dispersal i s  not simply a function of autogeny. 
p ie t ra .p  and Burger (1988) have raised the intriguing 
p o s s i b i l i t y  t h a t  many sirnuliids might return t o  clviposit in 
t h e  same streams from which they emerged. 
1. Both t h e  abundance of a. -/Y.r.,u.dum complex ( t o t a l  
larvae) and CC2-3 increase with inc reas ing  ses ton  loads ( t o t a l  
suspended p a r t i c l e s )  and disoharge,  and dec reas ing  
conduc t iv i ty .  The abundsnoe of AC(gb) Increased wi th  
i n c r e a s i n g  stream width. 
2. WO of t h e  3 f ac to r s  a scoun t ing  f o r  the abundance of cc2-3 
(d i scharge ,  sestonl  and t h e  s i n g l e  f a c t o r  for AC(gb) (width) 
were probab ly  re la ted  t o  food supply.  
3 .  Cytotype cmpos i t ion  changed i n  a continuoua, d i r ~ c t i o n a l  
and p r e d i c t a b l e  manner with  inc reased  distance erom o u t l e t s .  
such changes must be considered i n  f u t u r e  sampling p ro toco l s .  
4. ~iecon ' r inu i ty  in t h e  frequency or the IIL-4 polymorphism 
sugges ted  r e s t r i c t e d  gene f low duo t o  l imited a d u l t  AA 
d i s p e r a l  07-1 distances g r e a t e r  than  I2  km. 
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TABLE 6.1. Estimated abundance (no./site) of each cytotype 






EFGIC ACD M CC2-3 AC(gb) 
11 0 0 0 9 3 8  47 
12 0 0 0 0 0 0  
13 0 0 0 0 0 0  
- - - - -  - 
Total 43 22 43 199 102 409 
% Of 10.9 5.4 10.5 48.7 24.9 
total 
'Of the 409 last instar. larvae collected, 248 (60.1%) were 
cytotyped. Estimated abundance of a cytotype at each station 
wan oalculated as total larvae at station, x'%cytrrtypei. 
*Based on male identifications In = 52) CC2-3 population 
consisted of 94.2% CC2 (CI = 84.1 - 98.8%) and 5.81 CC3 (CI - 
1.2 - 15.9%). 
ind ica te  ins ign i f ican t  soef f i c ien t s .  
Regression' s. vanustual CCZ-3 ~ ~ ( g b )  
var iab les  verecund~m 
complex 
constant 
Conductivity (pS/cn @2S0C) 
seston (mg/L) 
Log discharge (&Is) 
Log "idth (m) 
ve loc i ty  (a/r) 
(ve loc i ty ) '  ( n j s )  
Depth (m) 
Dissolved ovyqen (mgIL) 
Temperature (OC) 
PH 
b g  distance 
from o u t l e t  ( a )  
R2,.d,., 7 3 . 3 %  68.8% 45.8% 
* p < 0 . 0 5 ,  ** p < 0.01. 
*velocity and discharge were f o r  s t a t i o n  midpoint. Width and 
depth were measured a t  the upstream, downstream and midpoint 
boundaries of s t a t i o n s  and then averaged. 
TABLE 6.3. Total number of individuals of each cytotype 
identified at l x e s  Pond and eroad cove srooka. 
cytotype axes pond 8road cove 
Number % of "umber % of 
oytotyped Total cytotyped Total 
Wale  identifications (n = 51) showed the eel-1 population at 
axes Pond was 92.2% cc2 (CI = 81.1 - 97.8%) and 7 . 8 %  C C ~  (CI 
= 2.2 - 18.9%). 
TABLE 6 . 4 .  Regression analysis between percent cytotype 
composition (arcsine) of m, CC, and EPGJC and distance (log) 
from an outlet. Listed are regression coefficients €or 
significant predictor variables. ~lanks (-1 indicate 
insignificant coefficients. 
Distance (log) F "'di. 
Broad Cove 
IVL - 12.0"'. -11.1*"' 33.2**'  85 .4% 
EPGIC 40.4.** - - 111+1*.* 92.2% 
TARLE 6 . 5 .  T e s t s  of Hardy-Weinberg equil ibrium for t h e  IIL-4 
autosoma1 polymorphism i n  2 AA popu la t ions .  The Axes Pond and 
Broad Cove sites wera 12 kn apart .  
s i t e  IIL-4 Gad,. df 
sls *li ili 
Axe8 Pond 107 68 12 187 0 . 0 3  2 
(June 2 ,  1988) 
Broad Cove 62 29 0 9 1  3.27 2 
(June lo. 1988) 
FIG. 6.1. The Picc00 .Wainage basin shoving t h e  location of 
each sampling s ta t ion .  ~ h i r  drainage basin was located 12 ka 
N of St. John's, Newfoundlend (47 '38 '  - 47.4Jm Nand 52 -50 ,  - 
5 2 - 4 2 ,  W) . 

FIG. 6 . 2 .  Observed abundance (log x + 1) i n  the ~ i c c o s  
drainage bas i s  vs predicted abundance ( log  x + 1) by 




. . .  
1 5 H  -0.5 
-0.5 0.5 1.5 2.5 
LOG PREDICTED 
PIG. 6 . 3 .  Dendrogram of 7 stream s i t e s  based on sytotype 
fauna. Data i s  for the Piccos drainage basin. Dendrogram was 
produced using the coef f ic ient  distance and the UPGW cluster  
algorithm. Location of each s i t e  i s  given in Fig. 6 . 1 .  
Coefficient distance 
FIG. 6.4. Regression analysis between cytotype composition and 
distance from a pond outlat. A) AA, Axes Pond site, B) CC2-3, 
axes Pond site, C) Aa, Broad cove rite and D) EFG~C,  road 
Cove site. 
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IICRODISTRIBUTION PATTERNS OP SUBCACDSTRINB 
CYTOTYPES 
The literature (Table 1.2) clearly identified water 
velocity, water depth and substrate type sa primary correlates 
of preimaginal microdistribution. Consequently, microhabitat 
was quantified on the basis of velocity and depth preference 
curves, whila aontrolling for substrate by sampling with 
ceramio tiles. Because Morin & &L. (1986) shoved that 
distance from an outlet correlates with larval diatribution 
over a stretch oof as little as 50 m, a distance tern was also 
included in the description of microhabitat. Dissimilarities 
in preference curves among cytotyper were considered to 
indicate differences in microhabitat selection. The present 
study investigates microhabitat selection between different 
sublacustrine cytotypes. 
Study sitma 
 ha multiple regression technique used to fit preference 
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curves ia not suitable for low nunbers (norin a a. 1986) 
hence, sites with high larval abundance would be required. 
Cytotax~nonic identification of larvae from these sites could 
be greatly reduced if pure populations were studied. 
Accordingly, sitea draining lake outlets were selected as they 
support large populations (Carlrsan & ql. 1977: Sheldon and 
Oswood 1977: Burger 198 '; Wotton 1987) and in Newtoundland 
produce temporally separated EPC/C and verecundum (ACD and AA) 
populations (ohapters 5 and 8). On occasion, the verecundu. 
line existed as pure ACD or AA, permitting comparisons of 
Curves among individual cytotypes. 
Three sites. each draining an oligotrophic pond, vdre 
sele~led. Site I was the first 20 rn length of a second order 
stream draining Middle Three Island Pond (47'41'0Or. N, 
52.45'15" W), 250 m upstream of sampling station 6, shown in 
Fig. 6.1. Stream width varied between 5 - 10 m. The stream bed 
was primarily rubble and the riparian vegetation brush (Table 
2.1) with no significant canopy. The site can only be reached 
by foot or boat end is relatively undisturbed by humans. 
Site z (rig. 6.1, station 7) was a 10-m stream section 
looated 50 - 60 m downstream erom the outlet of Axas Pond 
(47'40'45' ' N, 52'45'3Ov W) . This second order stream varied 
batween 3 - 4 m in width. The bed was primarily rubble and 
the riparian vegetation was brush which produced a partial 
canopy. Ares Pond can only be reached by foot, and except far 
the occasional angler, is relatively undisturbed. 
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s i t e  3 was t h e  f i r s t  20 rn length of  a 40  m m n  
(47'35'30 ' '  N,  52'50'45" W) ~ ~ n n e c t i n g n i t c h e l l b  Pond North, 
and Hughe Pond. s tream width va r i ed  between 1 - 4 m, wi th  a 
stream bed l a r g e l y  of rubble.  Riparian vege ta t ion  was brush 
with no chnopy. A small  wooden b r idge  c rossed  t h i s  second 
order stream 23 m from t h e  o u t l e t .  Numerous summer. homes e x i s t  
on both ponds bu t  t h e  connecting stream showed on ly  moderate 
s i g n s  of human d i s tu rbance  ( i .s . ,  few s igns  of human dabe i s ) .  
sampling procedlrrea 
Red-brown, unglazed, square caramis t i l e s  (100 m2) vere 
used t o  c o l l e c t  l a rvae  (Pig.  7 .1 ) .  Data ob ta ined  from 
a r t i f i c i a l  subs t r a t e s ,  p a r t i c u l a r l y  t i l e s ,  p rov ide  reasonable 
ind i sa t iona  of  v e l o s i t y ,  depth and d i s t ance  p re fe rences  (no r in  
S al. 1986; Colbo 1987).  A r t i f i c i a l  s u b s t r a t e s  minimize 
h a b i t a t  d e s t r u c t i o n  as well  (Rosenberg and ~ e s h  19821, 
al lowing a s i t e  t o  be r epea ted ly  sampled. 
Each s i t e  Was d iv ided  i n t o  a 40 X 6 g r i d  System (0.5 m 
u n i t s )  and a random number genera to r  used t o  s e l e c t  t h e  
placement o f  t i l e s  a t  each s i t e ;  35 - 45 t i l e s  vere used a t  
each s i t e .  A new s e t  of g r i d  numbers was genera ted  f o r  each 
stream co l l ec t ion .  Peak co lon iza t ion  on t i l e s  usua l ly  occurs 
wi th in  5 - 7 days and fou l lng  can be s i g n i f i c a n t  a f t e r  2 weeks 
(Gersabeok and n e r r i t t  1979).  Consequently, t i l e s  were l e f t  i n  
p l ace  for 1 - 2 weeks, depending on populat ion l e v e l s .  A 
pe r iod  of t h i s  l eng th  a l s o  allowed s u f f i s i s n t  t i m e  t o  r e p e a t  
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collections for univoltine EFG/C in the event of catastrophic 
disturbance, and to sample pupae. Eleven collections were 
susceasfully completed (site 1 = 2, Site 2 = 2, site 3 - I )  
from May to July, 1988 and during July, 1989. 
It was thought that measurements of velocity and depth 
(chapter 2) would disturb larvae on the tiles, whish could 
affect results if many larvae entered the water column. 
Instead, the position of a tile on the stream bad was first 
marked with orange metal markers prior to tile retrieval. 
Larvae were removed from the tap surface of the tile with 
curved forceps and randomly aasiqned to a small plastis 
container or either 701 ethanol or water. Larvae placed in 
water were kept liva on ice for later cytotaxonomic 
identification. using the metal narkera as guides, the tile 
was returned to the stream in its original position and water 
velocity 2.5 cm above, and water depth over the middle of the 
tile recorded. Distance from the outlet was also noted. This 
procedure W.8 repeated for each tile and sampling proceeded in 
an upstream direction to minimize disturbance. Sinoe the 
diameter of the propeller was 2.5 m, velocity raadings ware 
integrated values from 1 - 4 cm above the tiles. Although 
water velooity experienced by larvae is less than that 
measured above'chetile by an indeterminate amount (Ciborawski 
and Craig 1989), velocity in the boundary layer is related to 
velocity at various distances above the substrate (Chow 1959; 
statznar & a. 1988). 
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Nets were not used to capture larvae that may have been 
released during tile removal since tho exast origins of the=- 
larvae (i.e., from sides, bottom or top of tile, or from the 
benthos) could not be ascertained. However, direct observation 
(together with results from the artifisial stream, see below) 
indicated that few, if any, last instar larvae entered the 
drift from the top surface of tiles during retrieval. 
In the laboratory, for each stream collection, the number 
or last instar S. ~ ( r e r a c u n d u n  larvae and pupao 
colonizing individual tiles was counted. A subsample of larvae 
preserved in acetic ethanol f m m  each collestion was 
identified cytologically. 
significant differences in stream depth and stream 
vslo~ity between the 3 study sites ware detected with ANOVAS 
and Kmskal-Wallis procedures respectively. A log (100 r d) 
transfornation was required to stabilize the variance of 
depth. Multiple comparisons among groups for depth were 
perfarmad with the Tukey teat and for velocity with the Tukay- 
type test (%,I). 
Calaulation of prefsrenoe ourvem 
Three techniques are available to fit preference ourves 
for stream nasroinvertabratas: the incremental method (Gore 
andJudy 1981), polynomial regression on a single factor (Orth 
and Maughan 1983) and multiplo regression on several habitat 
variables (Gore and Judy 1981: Morin & a. 1986). The 
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multiple regression approach was used as it produces the most 
accurate estimates of abundance and unbiaredpraEerenae curves 
(Morin ef d.. 1986). 
Using multiple regression, larval or pupal abundance was 
related to the independent (predictor) variables of water 
velocity, water depth, and distance from the outlet. ~eoause 
variance exceeded Ule mean and data ware skewed to the right 
for each collection, a log (y + 1) transromationwas required 
(Elliott 1977: Allan 1984; Montgomery 1984) to satisfy the 
asemptions of regression analysis (Draper and Smith 1981; 
sokal and RohlE 1981; Zar 1981). To reduce the problem of 
multicollinearity (correlations among predictors) associated 
with polynomialtems, independent variables were expressed as 
deviations around their means before being raised to second 
and third order powera (sokal and RohlE 1981: Hinitab 1988; 
Neter & nl. 1990). Therefore, the for. of the saturated 
model eelating larval abundance to stream conditions becomes: 
where y = number of larvaytile, m - distance from lake outlet 
(m), v = velocity (m/s) and d =depth (m). The success of the 
above transfornation on independent variables was evaluated by 
n tolerance test oP 0.01 (i.e., a measure of the correlation 
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betweenvariablea) (Norusin 1985). Occasionally somevariables 
fa i led  a tolerance of 0.01 even a f t e r  transformation and were 
subsequently excluded from t h e  analysis. Polynomials were 
res t r ic ted  t o  t h e  square and cube as i n i t i a l  analysis shoved 
higher powers were not useful. Powers higher than oubes are  
rare ly  important in  biological work (sokal and Rohlf 1981). 
Interaction terns (md, vm, vd) were a l s o  included i n  the  
modal. 
The intent of regreaaion prooedures was to reduce the  
number of tern. in  equation 1 t o  only s igni f icant  (p c 0.05) 
predictor variables, while attempting t o  maximize R' 
(coefficient of determination) and reduce bias (c, s t a t i s t i c ) .  
Different variable selection procedures may se lec t  d i f ferent  
predictors (Draper and Smith 1981). The best-regression 
routine (based on RZ cr i te r ion) ,  uaad as an exploratory 
methd, and the stepvise routine (baaed on the  p a r t i a l  F-test1 
used as t h e  variable se1,eotion routine were reamended by 
Draper and Smith (1981) and therefore adopted here. The bast- 
regraseion routine i s  useful t o  determine b ias  regressions (C, 
s t a t i s t i c )  and t o  approximate t h e  maximum numbar of predictor 
variables as indicated by s tabi l iz ing  mean square error (ME) 
and R2 values. The forward selastion procedure, using both the  
p a r t i a l  P-test (Draper and smith 1981) and sequential sum of 
mares  (Sokal and Rohlf 1981; norin pere. = o m .  1987) was 
used as a comparative procedure. 
After i n i t i a l  variable selection, resul tant  models were 
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scrutinized by an examination of studentined residuals, 
leverage points, Cook's distances (Draper and Smith 1981; 
sokal and Rohlf 1981; Neter & al. 1990) and a lack of fit 
routine whish did not require replication (Burn and Ryan 
1983). lis a visual examination of residuals was subjective, 
plots suggesting heterosoadarticityvere formally tested using 
the procedure of Goldfield and Quandt (1965). Outlying cases 
with respect to the dependent and independent variables vera 
detected by an examination of studentized residual and 
leverage points respectively. Cook's distances were used to 
determine if outlying cases were unduly influential, i.e., 
exclusion of suspect cases changes the significance and/or 
sign of estimated regression coeff isients. Once each model was 
considered acceptable, bracketed higher order terms in 
equation 1 were expanded out and then reduced to produce the 
final form of the model. 
A regression modal was converted to preference curves by 
first bacl-transforming the loq (y + 1) transformation to 
srithmetis units. The larval ' or pupal response to an 
independent variable (e.q.,  velocity) was ieolated by haldinq 
remining variables in the equation (e.9.. depth, distance) 
constant at their mean values, while permitting the variable 
of interest to very over the range of observed values. The 
resulting Eurve was standardized by dividing the regression 
equation by the maximum abundance as derived from this 
equation. such standardization produced a preference factor 
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whishmeasured larval response to observed changes in a strean 
variable on a scale of 0 (~onditions least suited to larvae) 
to 1 (optimal sonditions). Factors were presented graphically 
as preference curves (Morin & d. 1986). Preference fastore 
ear 2 variables were considered simultaneously by plotting a 
Surface. 
Biz.-v.lo~ity m a  .(=a-depth relationships 
Head capsule measurements were used to determine the 
influence o f  valooity and depth on larval size from pure EPG~C 
(Tabla 7.1, collection 3) and ACD (Table 7.1. collection 6) 
populations. From each collestion, 4 last inrtar larvae were 
randomly selected from each tile with 1 5 final instar larvae. 
Head capsules were prepared following methods in chapter 2. 
Viewing eaoh head capsule from above CAW, HCW, HCL and PAW 
lengths (Fig. 2.1) were measured. stepwi~e regression (with 
replication) was used to determine any size-velocity and size- 
depth relationships. 
LLbOr.tOry v.100ity stuai.. 
ITtiriai.1 stmu..  Artifisial streams (Pig. 7.2) 
oonstructed from plexiglass troughs (1 x w x d = 152 x 7.7 x 
lo cm) were used to: i) observe the response of final instar 
larvae to changes in water velocity and; ii) determine if 
laboratory based results have predictive value in the field. 
A fibreglass ~ontainer (182 x 90 x 60 om) located below the 
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troughs f i l l e d  v i t h  0.74 m' of dechlorinsted water ( i . e . ,  tap 
watar a l l o ~ e d  t o  stand f o r  48 h)  served as t h e  main water 
reservoi r  (Fig. 7.2a). Water (2OSC) was pumped by a 
rec i rcu la t ing  pump (Plotec ~nc., Norwalk Cal i f . ,  model R2P1- 
1106V) from the  main reservoir t o  a small reservoir (33.5 x 
28.5 x 13.5 om) 155 m above the  f loor .  Outlets from the small 
reservoi r  (one per trough) consisted of p l a s t i c  elbows (length 
- 11.0 cm; diaraeter = 1.0 m) attached t o  pieces of 1.2 cn 
diameter Tygonm tubing, whish drained water t o  a reservoir 
(7.5 x 7.7 1 3 . 7  En) a t  t h e  head of each trough (Pig. 7.Zb). 
Water then  entered each trough over a 3.7 Em high weir. Water 
leaving each trough drained i n t o  the main reservoir and was 
recycled. Sieves (mesh s i z e  = 250 p) located a t  t h e  mouth of 
each trough captured larvae t h a t  had entered the d r i f t .  
Different water ve loc i t ies  were ashieved by r a i s i n g  or 
lowering the head of each trough through 6 d i f fe rent  leve ls  
(Pig. 7.2b), therefore elope was a l tored  simultaneously with 
velocity.  Water velocity wasmeasured following Wotton (1985). 
A l l  experiments were run a t  room temperature and no food was 
provided. 
Larvae used for  t h e  f i r s t  experiment were collected 
within 20 n of the  o u t l e t  a t  Round Pond (47°24'30" 8 ,  
5 3 ~ 0 1 ~ 3 O B o  W) on June 17, 1987 and for experiments 2 and 3 
from t h e  out le t  a t  n i t c h e l l s  Pond North on nay 18, 1988. 
Larvae, l e f t  attached t o  subs t ra tes ,  were plaoad i n  p l a s t i c  
containare vith a small amount of water and held on i c e  for 
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transportation t o  t h e  laboratory. I n  t h e  laboratory larvae 
were gently washed off substrate with d i s t i l l e d  water in to  a 
plexiglass conkainer (36.5 x 36.5 x 12.0 cm) f i l l e d  with a 
mixture of stream and d i s t i l l e d  water. Plexiglass baff les  (36 
x 10.5 am) placed i n  t t  c o ~ t a i n e r  provided substrate for 
attachment. Aeration warn supplied by compressed a i r  pumped 
through 0.7 cm diameter Tygo;. tubing and releasedthrough 0.6 
nn diameter air-wands plaoed on t h e  bottom of sash baf i le .  
larvae were given 25 mL of blended TETWA ( 4  glL solu t ion) ,  
held overnight a t  lSPC and used the following morning. For 
experiments 1, 2 and 3 respectively. a mean of 349 f86, 662 
f239 and 494 i l l 7  larvae per trough were used. 
mp.rim.nt I. Before the s t a r t  of the  experiment, each 
trough was held level,  sealed a t  tho mouth and a small amcurit 
of water added. Larvae were transferred from baff les  t o  
trougha using s small paint brush and allowed t o  a t t a s h  and 
asslimate t o  trough co..iitions for  30 min. Seals were then 
removed, each tmugh moved t o  a randomly selected level  
(velocity) and a f t e r  2 nin t h e  e ~ e r i m e n t  started. Each t r i a l  
las ted  1 h a t  which time sieves were changed and troughs 
positioned a t  the  next randomly selected level. The procedure 
was repasted u n t i l  a l l  6 levels  had been tasted. Each level  
was repl ica ted  3 times (1.e.. 3 troughs). Larvaethat  entered 
t h e  d r i f t  (i .e. ,  captured i n  eievas) were aaeumed t o  have done 
SO in  response t o  unfavourable flow conditions (e.q., 
Cersabeck and Uerr i t t  1979). For each t r i a l ,  the number of 
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l a s t  l a r v a l  i n s t a r s  en te r ing  t h e  d r i f t  was expressed as a 
percent o f  t o t a l  l a rvae  ( d r i f t  + benthos) p resen t  f o r  t h a t  
t r i a l .  F i f t y  l a s t  i n s t a r  larvae vera randomly se lec ted  and 
cytotyped.  
Experinant 2.   he same pro toco l  as i n  experimant 1 was 
f0110wed except t h a t  each t r i a l  l a s t e d  only 1 h.  
BXPeriment 3. This experiment war designed t o  d e t e c t  both 
migration 1i.e.. looping i n  an upstream or downstream 
d i r e c t i o n )  and d r i f t .  Af te r  t h e  completion of experiment 2 ,  
l a rvae  were removed i r o n  t h e  f i r a t  30.0 cm and the  l a s t  51.5 
En of eaoh trough,  leaving a 60.0 m band of larvae.  Troughs 
were pos i t roned  a t  l e v e l s  1, 3 and 6 respec t ive ly  and l e f t  f o r  
3 h. The number of larvae migrating ou t s ide  t h e  60 nn band and 
thoee  e n t e r i n g  t h e  d r i f t  were noted f o r  each trough. F i f t y  
l a s t  i n s t a r  l a rvae  vera randonly s e l e c t e d  and cytotyped. 
M a l y a i s  of data. Data from experiments 1 and 2 ,  
~ x p r e s s e d  as percentages,  were a r c s i n e  transformed ( soka l  and 
Rohlf 1981) and ANOVAS used t o  d e t e c t  s i g n i f i c a n t  d i f f e r e n c e s  
i n  d r i f t  rate among d i f f e r e n t v e l o c i t i a s .  Data from experiment 
3 were sub jec ted  t o  frequency a n a l y s i s  (0 - t e s t s )  t o  d e t e m l n c  




Data from 7 of the 11 f ie ld  co l lec t ions  were considered 
appropriate f o r  analysis (Table 7.1).  I n  order t o  f a c i l i t a t o  
reference t o  these collections, they are numbered 1 - 7 (Table 
7.1). The remaining 4 collections e i t h e r  produced too few 
larvae or pupas f o r  analysis,  or were frommixed populations. 
Examinations of studentired res iduals  p lo ts  shoved no 
systematic trends o r p s t t e r n s ,  i n d i c a t i n g t h a t  the assumptions 
of regression analysis were a t  l e a s t  approximated. The routine 
of Burn and Ryan (1983) provided no evidence of l a c l  of f i t  
f o r  any of t h e  regression models. Cook's distances indicated 
no o u t l i e r s  of s igni f icant  influence, thus e l l  da ta  points 
were kept for  each model. One o r  2 in te rac t ion  te rns  had t o  be 
removed due t o  multicollinearity from collections 1 (ma), 4 
(md, m) , and 5 (md, vnl . I n  a l l  cases these variables d id  not 
influence t h e  selection of predictor variables.  Stepwise and 
toward  routines selected ident ica l  or s imi lar  predictor 
variables.  The only exception t o  t h i s  was col lea t ion  2, where 
the  forward se lec t ion  routine using the  sequential sum of 
squares ?-test selemted variables d i f f e r e n t  from those of 
other prooedures. I n  view of t h e  above, f i n a l  regression 
models (Table 7.2) were considered reasonable descriptions of 
the  relationship between preimaginal abundance and stream 
conditions. 
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Velocity, distance and depth prsference c u n s s  are chovn 
in Figs. 7.3, 7.4. and 7.5 respectively. Conparisons of 
veloc!ty and depth conditions among larval collections are 
given in Tables 7.3 and 7.4. Since collections 4 and 5 were 
taken from the same site (site 2) , involved the same sytotypes 
(mired ACD-AA) and sampled in tandem (Tab'e 7.1). collection 
5 can be considered a replication or validation set of 
collection 4. Similarly, collection 7 (sire 3) can be 
considered a replication of collection 6. ~ o t e  tile similarity 
batween the preferenea curves produced from cco;ections 4 and 
S (Figs. 7.3b and c) and the similarity between curves 
produced from collections 6 and 7 (~igs. 7.ld and e ) .  
Larval EFG/C responded differently to velocity, depth and 
distanoe than ACD or ACD-AA (Table 7.1: Figs. 7.3 - 7.5). 
Velocity was found to have a significant effect on the 
distribution of ACD-&A and ACo in all cases examined. In 
contrast, larval density of EFG/C was shown to vary with 
velooity at mite 1 only (Tabla 7.2; Fig. 7.1). The optimal 
velocity for EFG/C, a6 derived from the regression model, was 
0.36 m/s (range 0.03 - 0.52 ys), whereas the density of ACD- 
AA increased exponentially with inoreasing velocity in both 
aollections 4 (range 0.10 - 0.62 m/s) and 5 (range 0.03 - 0.68 
m/~). At site 3. the optimal ourrent vslooity for ACD, 
estimated from regression, was O.i3 m/a in collection 6 and 
0.69 m / s  in oollection 7. 
Themicrodistribution oflarvalEFG/C was cle?rly related 
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t o  o u t l e t s  (Piga.  7.4a and b ) .  Larvae showed a p a r a b o l i ~  
response t o  d i s t ance ,  with maximum d e n s i t y  est imated t o  occur 
at 10.5 m and 16.0 m from t h e  o u t l e t s  of s i t e s  1 and 3, 
respec t ive ly .  No s i g n i f i c a n t  distalme t e r n s  were found f o r  
ACD-AA ( s i t e  2 ) .  but t h i s  is not s u r p r i s i n g  as c o l l e c t i o n s  
were canfined t o  a lo-. stream sec t ion  removed (50 - 60 m) 
from t h e  o u t l e t .  In te res t ing ly ,  t h e  distanse-preference curve 
f o r  ACD a t  s i t e  3 (Fig.  ?. lo!  was oppos i t e  t o  t h a t  of Effi/C. 
  he number or l a r v a l  EFO/C decreased exponential ly wi th  
depth (Fig.  7 .5 ) .  The mic rod i s t r ibu t ion  o f  ACD-AA end ACD was 
no t  influenced by water depth (Table 7.2).  Water depth was 
usua l ly  lower dur ing  t imes when AcD and AA vere presen t  i n  
streams, than  when EFG/C was presen t  (Table 7 . 4 ) .  
Depth and d i s t a n c e  EFGjC pupal p re fe rence  curves vere 
s i m i l a r  t o  l a r v a l  ourvas. However, tho  s i g n i f i c a n t  md t a m  
(Table 7.2) showed pupal response t o  d i s t a n c e  was modified by 
extrelne depth,  and v i c e  versa (Pig.  7.6).  Pupae were most 
abundant a t  s i t e s  removed from t h e  o u t l e t  (15.5 - 20.0 m) over 
most of t h e  observed depth range (0.09 - 0.27 m), but  h igh  
abundance would b e  expected a t  a i t e a  immediately below t h e  
o u t l e t  i n  shallow water (0.03 - 0.06 m). At  a depth o f  0.08 m, 
c a l c u l a t i o n s  from the  p a r t i a l  r eg ress ion  produced a bimodal 
p re fe rence  curve with peak p re fe rences  a t  both t h e  o u t l e t  and 
16 n downstream. S imi la r ly ,  pupae p re fe r red  shallower water 
except a t  s i t e s  most removed (15.5 - 20.0 m) f r o m t h e  outflow 
where deeper water was sought. As expected,  empi r i ca l  
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calculations showed no depth preierenoe at 16.0 m. 
Pupal ACD shcved a distinot preference for positions 
inmediately below the outlet. Abundance increased 
exponentially with water velocity up to the maximum recorded 
velooity of 0.85 m/s (pig. 7.7).   he microdistribution 
patterns of larval and pupal ACD for oollastion 6 were highly 
correlated (r - ,808, df - 36, p < 0.001). 
Larval preference surface plots for E W I C  and ACD are 
given in Fig. 7.8. In all plots maximum preference was 
restricted to a small percent of each surface and sharply 
decreased outside a narrow range of conditions. The depth- 
distance and depth-velocity plots for EFGIC (Fig. 7.8) were 
flat over the bulk of their surface. Results of surface plots 
were interpreted to indicate that aptinal conditions exist 
over a very narrow range of stream oonditions, which was 
reflected in their contiguous distributions (Table 7.1, 
compare mean to J). 
size-velooity and size-depth relationships 
Stepwise regression failed to find any significant 
relationships between larval sire and velocity, or larval size 
and depth, for either EFG/C (collection 3) or ACD (collection 
6 ) .  Valocity-siza and dopth-size scatter plots are given in 
Figs. 7.9 and 7.10 for EFG/C and ACD, respectively. Both 
populations showed relatively little variation in size as 
indicated by low aoaffiaients of variation, whish ranged from 
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3.6 - 5.5%. depending on the character. An analysis of 
variance (not shown) for aaoh of the 4 haad capsule characters 
found no signifisant differences in the mean size of larval 
RFG/C among the 19 different velocities examined. 
Labocatory v.10eity stuai.. 
~esults of the laboratory velocity trials are shown in 
~ables 7.5 and 7.6. Cytotaxonorni~ identifications showed that 
larvae used in experiment 1 were 64% EFG/C end 16% ACD. In 
experiments 2 and 3, all 50 larvae identified were EFGJC. 
~lthouqh 6 different levels were used in experiments 1 and 2, 
adjacent levels often produced very similar velocitias. 
consequently, levels were combined to give 3 experimental 
~elocities whioh included 0.06 fO.02 m/s (n = 3), 0.22 tO.02 
n/s (n = 6) and 0.35 fO.O1 m/s (n = 6). These sane values were 
used in experiment 3. 
1n experiments 1 and 2 (Table 7.5) no significant 
differansea were found in the mean percent releasing (i.e., 
entering drift) among the 3 velocities examined. For all 
trials combined, the average percent of larvae entering the 
drift per hour was 0.64% 20.68 (n = 15) and 0.13% t0.24 (n = 
15) for experiments 1 and 2, respectively. In experiment 3 ,  G- 
tests showed no eignificant difference in the frequenoy oE 
migrating larvae or total larval movement (migration + drift) 
between different velosities. Hourly drift was significantly 
higher at 0.35 m/s than at 0.22 or 0.06 m/e (Table 7.6). 
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Larval movement i n  experiment 3 war a l so  low with a combined 
( a l l  3 ve loc i t i es )  hourly t o t a l  movement (migration + d r i f t )  
of 0.64) fO.11 (n - 3) .  Under t h e  condi t ions  of these 
experiments, few .A<' i n a t a r  larvae relocated i n  response t o  
changes i n  velocity.  
Micropreference curves have been published f o r  several  
unrelated eimuliids whish inoludad Pries,  
Erosimulium n L x t u m l f u s ~ ,  Steqonterna .utata, 
-, and a. (Orth and Haughan 1983; Morin & 
a. 1986: Morin and P e t e r s  1988). Results presented here were 
t h e  f i r s t  at tempt a t  modelling the  microhabitat  preferences of 
B. yenuatum/veeecundum oytotypes and r e s u l t s  showed 
differences i n  h a b i t a t  seleotion within t h i s  complex. The 
prerarred microhabitat  (as defined by ve loo i ty ,  depth and 
distance) of EmlC was d i s t i n c t l y  d i f f e r e n t  from t h a t  of ACD- 
AA and ACD. Within a stream s t re tch ,  optimal conditions f o r  *" 
EKlC as predicted from preference curves was shallow water 
and a location removed (r 10.5 - 16.0 m) from t h e  o u t l e t .  A t  
s i t e  I, the  optimal ve loo i ty  was estimated a t  0.36 mls (Fig. 
7.3a). In  con t ras t  t o  t h i s ,  depth d id  not appear t o  influence 
the  microd is t r i tu t ion  of ACD and ACD-AR (Table 7.2) and their '  
optimal ve loc i ty  was estimated t o  range from 0.62 - 0.73 m l s  
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(Figs. 7.3b - e) ., Larval ACD ( s i t a  3) also showed a maximum 
preference for  the  location immediately below the o u t l e t  (Fig. 
7.45). 
Numerous studies have demonstrated an association between 
larvalnicrodistribution and etceamvelocity (Phillipeon 1956, 
1957; Maitland and Penny 1967; Ulfatrand 1967; Chuttar 1969; 
Decamps gt A. 1975; Lewis and Bennett 1975; Minshall and 
Minshall 1977; Colbo 1979; Colbo and Moomouse 1979; Geraebeck 
and Merritt 1979; Boobar and Granett 1980; Orth and Maughan 
1983; osborne pal, 1985; Wotton 1985; Yanagata and Kanayana 
1985; demoor p a. 1986; Morin pa. 1986; Rum and Pegal 
1986;  ori in and Peters 1988; Ciborowski and Craig 1989; 
present study). 
I t  has been generally assumed t h a t  simuliid larval 
behaviour and choice of microhabitat i s  d i rec t ly  related t o  
f i l t e r  feeding (chance and Craig 1986; Craig and Galloway 
1987; Hmin and Peters 1988). Ingestion r a t a  o r  ingestion 
efficiency varies i n  a l inear  or curvilinear fashion with 
water valoaity (Elouard and Elsen 1977; Moore 1977a; Kurtak 
1978; mcey and Mulla 1979; Schrader 1980; Lasey and Lacey 
1983; Brainah 1987; Thompson 1987b). Consequently, preference 
f o r  a particular velocity m y  refleot larvae poeitioning 
themselves in  currants t h a t  provide maximum ingestion ra ta  oe 
ingeetien efficiency (Craig and Galloway 1987). Decreased 
la rval  abundance a t  ve los i t ies  exceeding t h e  optimm may 
r e s u l t  frw decreased ingestion r a t e  1e.g.. lacey and Mulla 
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1979). decreased ingestion efficiency (e.9.. Thompson 1987b), 
or increased drag (e.9.. Morin and Paters 1988). Different 
optimal vel0si"'ee shown for ACD and EPG/C Could be 
interpreted as species spesific differences in the ingestion- 
velocity relationship (xurtak 1978). 
It f~llows that larval eize should vary with stream 
velocity and that maximum size would occur at the optimal 
velocity given that: i) microdistribution is influenced by 
velosityand reflects feeding requirements; ii) water velocity 
influences ingestion of food and; iii) sire is dependent on 
the availability of food (cclbo and Porter 1979; Edman and 
Simmons 1985). The selective advantage of larger eize is 
increased fecundity (Chutter 1970; Colbo and porter 1981; 
Simmons and Edman 1981: Post 1983) and superior mating ability 
(Edman and Simmons 1985). That neither EFG/C nor ACD 
demonstrated a relationship between size and velocity was 
unexpected. In addition, Ciborovski and Craig (1989) found in 
the laboratory that abundance data and feeding data produced 
contradictory indications of optimal flow conditions for 8. 
x&&&m (oytotype IIIL-1). n o  hypotheses are offered as 
possible explanations for results presented here. 
First, lake outlets produce a superior food supply in 
terms of quality and/or quantity (carlrcon ad. 1977; Morin 
and Petere 1988) which is believedto be partially responsible 
for the high larval abundance occurring in these habitats 
(wotton 1987). although velocity determines the rate at which 
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food particles pass the labral fans (e.9.. Chance 1977), 
nutrient availability at outlets nay be suffisiently high to 
realize maximum growth under almost any flew regime. The 
highly unifomeize of both EFG/C and AcD supports this idea. 
It would be of inter-st to examine the sira-velosity 
relationship at sites removed from outlets, where the food 
supply is usually of inferior quality (Carlsson &. 1977; 
Colbo 1981; naein and Peters 1988). In thie regard, AA would 
be an ideal study animal because it occurs at both 
sublacustrine and dounstream locations (chapters 5 and 6). 
second. it is hypothesized that the lack of correlation 
with size may refleat a trade-off between the amount of 
material ingested and the energetic expenditure of mainvaining 
the feeding etanse over the range of valoeities examined. 
Craig and Galloway (1987) suggested larvae would attempt to 
ma~imize the difference between M e  benefit and amst at a 
particular site by maximizing filtration efficiency while 
reducing energetic costs, such a8 drag, to a minimum. If the 
net difference between increased filtration rate and energy 
expendedto overcome drag shows little variation over a large 
range of velocities, then the insigniricant size-velocity 
relationship nay reflect a constant energetic gain. The 
advantage to larvae in thie instance would be that reduced 
food awisition under poor rlow conditions could be offset by 
a reduction in the energetic aost of the feeding stance, at 
least over the ascending limb of the velocity curve. The 
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in.?raaaa in drag forces between 0.1 - 0.9 lnls has baen 
measured in the laboratory for S. (Eynann 1988). but 
the energetic costs associated with changing drag have not. 
Phillipson (19561 found that larval Silnulivm arnatun Heigen in 
moving water consumed more OIlg (vet weight) than larvae in 
standing water, suggesting an energetic cost associated with 
moving water. Statzner & &. (1988) suggest the cost of drag 
would be a significant amount of a banthic insect's energy 
budget. 
If one assepts one or both of the above hypotheses (as 
they are not mutually exclusive), it follows that different 
velocities, with the possible exception of extreme values, 
impart no great advantage to larvae under field conditions. 
This leads to the question: "Why do larvae distribute 
themselves in relation to velocity?" It has baen generally 
assumed that the choice of misrohabitat, and in particular the 
selection of velooity, is directly related to filter feeding 
(Maitland and Penny 1967; Chance and Craig 1986; Craig and 
~alloway 1987; Horin and Petera 198B). Nevertheless, velocity 
=an also influsnos many factors including substrate 
suitability (Ulfstrand 1967; danarsh 1976; Rabeni and Minshall 
1977; Reice 1980, Kinshall 1984), subatrate stability (Newbury 
1984) and the distribution of potential predators and 
competitors (Ulfstrand 1967; Minshall and Minshall 1977; Orth 
and Maughan 1983). 
siotic interastions between simuliids and other insects 
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can lead t o  losal displacement of simuliide (Wiley and Kohler 
1981; Hemphill and cooper 1983: Halnqvist and Ott 1987). Since 
potential competitors and predators also exhibit 
rheoprefarunda, riimuliid d is t r ibut ion  i n  response t o  valocity 
may i n  par t  ref lec t  predator or competitor f r e e  reiugia. Under 
laboratory conditions s igni f icant ly  more aimUhn larvae 
sought predator free refvges in t h e  presence or predators than 
in t h e i r  absence (Fuller and destaffsn 1988). The preference 
of benthis macroinvertebrates (including simuliids) f o r  simple 
hydraulic variables such as velocity may be a l t e r e d  by other 
species o r  by in t raepeoif i s  interactions of  d i f ferent  age 
groups (s ta tznar  .& 91. 1988). 
I t  could be argued t h a t  fa i lure  t o  find a size-velocity 
re la t ionship  (Figs. 7.9 and 7.10) reflected inadequate 
sampling proceduess because velocity da ta  were available only 
a t  t h e  time of collection. I f  s t rean  conditions were highly 
variable while t i l e s  were i n  place, any relationship between 
s i z e  and veloci ty  might be obscured. The highly uniform s ize  
of larvae, especially EFGIC, is not consistent with t h i s  
explanation. As wall, m a n  flow conditions between t i l e  
~ o l l e s t i o n s  taken in  sequence (collestions 6 vs 7 )  suggest 
velocity conditions d i d  not change t o  any grea t  extent over 
the period larval  ACD was under investigation a t  e i t e  3. 
Finally, while s t ra t i fy ing ( s t r a t s  = east and slow water 
velocity) phenology s i t e e  (chapter 8) it became apparent t h a t  
r e l a t i v e  ve loci t ies  witbin a stream section usually remained 
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s table  tor s period of 2 - 3 weeks. 
An inverae relationship between depth and la rval  
miemdistribution has been shown by many s tudies  (Ulfstrand 
1967; Lewis end Bennett 1975; Reisen 1977; Gersabeck and 
Merritt  1979; Yamagata and Kanayama 1985; norin eta. 1986; 
norin nnd Peters 1988; present study). Preference for deeper 
water has been shown by some species (Granett 1979; nor in  and 
Peters  1988). The underlying oauses f o r  depth-abundance 
re la t ionships  are often unclear (e.9.. norin and Peters 1988). 
Wotton (1982) shoved experimentally the o u t l e t  s p e c i a l i s t  
SiwlAm W Priedrichs can ingest material from the 
l i p i d  r i c h  surface film of outflowing lake water. The lack of 
corre la t ion  between s i z e  and depth f o r  EffiJC and AcD suggests 
t h i s  was of l i t t l e  consequence t o  these simuliids. 
u l i s t rand (1967) suggested changes in  flow conditions i n  
deeper water may be responsible f o r  t h e  shallow water 
prataranca exhibited by blackf l ies  and other benthic insects.  
shear s t r e s s ,  a toroe acting d i rec t ly  on t h e  stream bottom, 
w i l l  increase with depth (Statzner & d. 1988). Consequently, 
a preference for shallow water ray r e f l e c t  an avoidanse of 
high shear stress. some authors have shown t h a t  larvae prefer ,  
a t  l e a s t  on a gross scale, turbulent water (D&csmpe & a. 
1975; Colbo 1979; Orth and naughan 1983; Wetmore et ql. 1990). 
Turbulence can be expected t o  decrease with increased depth 
which may explain why larvae may avoid deeper water (Orth and 
naughan 1983; Hoein and Peters  1988). Froude number i s  an 
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index o f  tu rbu lence  (Statznar 1981b; o r th  and Maughan 1983) 
and is ca lcu la ted  as: 
where v - water ve loc i ty  (m/s), d = depth (m) and g = 
a c c e l e r a t i o n  o r  g r a v i t y  (9.8 a/e2). When d a t a  f o r  BPGjC were 
E i t t e a  t o  Frouda number (Appendix 3 ) ,  a ign i f  i c a n t  
r e l a t i o n s h i p s  vere found, suggesting l a r v a l  d i s t r i b u t i o n  could 
be  in f luensed  i n  p a r t  by tu rbu lence ,  which i n  tu rn  v a r i e d  
i n v e r s e l y  wi th  depth. 
Although the  abundance of l a r v a l  AO-AA and ACD was a l s o  
shown t o  vary with Prouda number (Appendix 3 ) ,  no s i g n i f i c a n t  
depth r e l a t i o n s h i p s  ve re  found. For t h e  ACD ~ o l l e s t i o n e ,  the  
range o f  depths encountered (0.03 - 0.19 m) may have been too 
narrow t o  d e t e o t  s ign i f i can t  va r i a t ion  i n  abundance with 
changes i n  depth. A non-significant  r e l a t i o n s h i p  between 
l a r v a l  abundance and a narrow dep th  range (0.10 - 0.23 m) was 
r e p o r t e d  by Chutter  (1969). F i n a l l y ,  a s  was suggestad f o r  
v e l o c i t y ,  dep th  s e l e c t i o n  may r e p r e s e n t  t h e  mmulative e f f e c t  
of many f a c t o r s  such as f l w  cond i t ions ,  feeding,  p reda to r  and 
competi tor  f r e e  re iug ia .  For example, a t  some c r i t i c a l  depth 
l a rge  p reda to r s  such as f i s h  would be excluded from the  l a r v a l  
h a b i t a t .  
The o r i e n t a t i o n  of BPGjC t o  t h e  l ake  o u t l e t s  uae very 
s i m i l a r  t o  t h e  distanae-preference curve described f o r  B. 
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alrs!m o v e r  a SO n stream reach (Horin st a. 1986), which f o r  
t h i s  l a t t e r  npeoies was a t t r i b u t e d  t o  a compet i t ive  
i n t e r a c t i o n  w i t h  hydropsychida (Tr ichop te ra )  . In  t h e  p r e s e n t  
study n o  such competi t ive I n t e r a c t i o n s  were apparent  f o r  
e i t h e r  EFGIC or ACD. When rroude number was plo t t ed  a g a i n s t  
d i s t a n c e  f o r  ACD, a bimodal p a t t e r n ,  s i m i l a r  i n  appearance t o  
t h e  dietance-preference curve, was found. As ACD showed a 
p re fe rence  f o r  higher Froude nulnbers its o r i e n t a t i o n  t o  t h e  
l a k e  o u t l e t  may have r e s u l t e d  from s e l e c t i n g  araae with h igher  
Froude numbers. Craig and Galloway (1987) have suggested t h a t  
d imin i sh ing  l a r v a l  abundance w i t h  inc reas ing  d i s t ance  from 
o u t l e t s  may b e  r e l a t e d  t o  changing Frouda number. 
I n  Labrador (as p a r t  of a s e p a r a t e  p r o j e c t ) ,  I have made 
a e r i a l  obse rva t ione  ( a 5  - 50 m above ground) a t  l a k e  o u t l e t s  
which r e v e a l e d  very d i s t i n c t  bands of 2. venurtualverecundw 
complex l a rvae .  Running a t  r i g h t  ang les  t o t h e  bank, each band 
was approximately 1 - a m wide, and separa ted  from ad jacen t  
bands by  s e v e r a l  meters. Larval  d e n s i t y  within bands appeared 
t o  dec rease  w i t h  inoreas ing  d i s t anoe  downstream. Distanse- 
p re fe rence  curves  ahown i n  Fig. 7.4 suggest  a l s o  EFG/C and ACD 
aggrega te  in bands. me advantage of such  aggregations nay  be 
a d e a r e a s e  i n  shear s t r e s s  (Ciborowski and Craig 1989) or 
poss ib ly  enhanced n u t r i t i o n  by coprophagy (Wotton 1980b). 
n o r i n  & &. (1986) have sugges ted  t h a t  da ta  be examined 
from s e v e r a l  streams t o  determine t h e  genera l  a p p l i c a b i l i t y  of 
p re fe rence  curves.  Diee imi la r i ty  i n  p re fe rence  Eurvar among 
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oytotypes could be ascribed to di f fe rences  i n  stream 
conditions a t  t h e  t i n e  of sampling. s i n c e  da ta  were co l l ec ted  
a t  d i f f e r e n t  s i t e s  and t ines .  However, t h e  analyses shown i n  
Tables 7.3 and 7.4 ind ica te  p re fe rence  ourvas r e f l e c t  
d i f fe rences  between s ib l ings ,  not  stream condit ions.  For  
example, mean depth was not s i g n i s i c a n t l y  d i f fe ren t  between 
s i t e  1, where EPG/C was negatively cor re la ted  t o  depth,  and 
s i t e  2 ,  where t h e  abundance of ACD-AA shoved no r e l a t i o n  t o  
depth. 
Pupal preference curves (Figs. 7 . 6  and 7.7) and t h e  h igh  
 orr relation between l a rva l  and pupal ACD i n  co l l ec t ion  6 (r = 
0.808) shoved pupal d i s t r ibu t ion  was s imi la r  t o  t h a t  of t h e  
f i n a l  i n s t a r s .  Previous s tud ies  have shown l a t e  l a s t  i n s t a r  
l a rvae  may move t o  more she l t e red  microhabitats  t o  pupate 
(Haitland and  Penny 19671 Colbo and Moorhouse 1979). A s  t h e  
majori ty of examined EFG/C (72/100, co l l ec t ion  1) and AcD 
(74/100. c o l l e c t i o n  6) had l i g h t  h i s t o b l a s t s  (newly moulted 
l a e t  i n s t a r  l a rvae ) ,  it i s  c l e a r  t h a t  l a e t  i n s t a r  larvae d i d  
not seek o u t  a d i f f e r e n t  microhabitat  i n  vhioh t o  pupate. 
Although depth and distanoe p re fe rence  curves f o r  pupal 
EFG/C Were s i m i l a r  t o  l a m 1  EFG/c, a s ign i f i can t  i n t e r a c t i o n  
t e n  (nd) shoved pupal response t o  depth (dl was modiiied by 
extreme va lues  o f  distance (m) and vice versa (pig. 7.6). 
S t a t i s t i c a l l y ,  t h e  s ign i f i can t  i n t e r a c t i o n  term means depth 
and d i s t a n c e  did not  a c t  independently of each other (Gore and  
Judy 1981). Whether t h e  In te rac t ion  term haa any b io log ica l  
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s ign i f i cance  or simply represen t s  t h e  b e s t  empirical  f i t  t o  
the  observed d a t a  i s  not  r ead i ly  apparent .  Because t h e  md term 
was i n f l u e n t i a l  only a t  extreme va luas ,  was not se lec ted  by  
the  forward regress ion  rou t ine ,  and  o t h e r  in te rac t ion  t a r n s  
vere not found, no b io log ica l  s i g n i f i c a n c e  can be given t o  t h e  
md term o n  M e  bas i s  of t h e  p resen t  work. 
under experimental ~ o n d i t i o n s  few larvae responded, 
e i t h e r  by d r i f t  or migration,  t o  changes i n  v e l m i t y  and most 
responses were n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  among t r ea tments .  
Results  from these experiments have l i t t l e  value f o r  
p red ia t ing  t h e  essueranse of l a r v a e  under stream condit ions.  
S i g n i f i c a n t  movement i n  l abora to ry  t z i s l s  may have been 
detected if rep l i ca t ions  were r u n  longer;  ex t rapo la t ion  o f  
da ta  suggeats d a i l y  movement oould be as high as 18.0%. At  
comparable l abora to ry  v e l o c i t i e s  of 0.05 and 0.25 o l e ,  
Geraabeok and M e r r i t t  (1979) found s i m i l a r  hourly r a t e s  o f  
r e l o c a t i o n  ( in te rpo la ted  from t h e i r  Fig.  1) fo r  8th - l a s t  
i n s t a r  Proaimulium l a i x t m l f u ~  (0.14 and  0.75%) and Cn&& 
gaco tens ia  War and Shannon (0.30 and 0.50%). I n  c o n t r a s t ,  
wotton ( l s a s )  round considerable upstream movement of l a r v a l  
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of a l l  ages i n  an  a r t i f i c i a l  s tream us ing  
v e l o c i t i e s  of 0.05 - 0.49 m j s .  At  lower v e l o c i t i e s  (0.05 - 
0.15 m/s) up t o  421 of t h e  l a rvae  i n  t h e  experimental s t r eam 
vere obeerved t o  migrate over 0.50 m upstream within a 90 n i n  
period.  H e  a l s o  noted t h a t  t h e  l a r g e r  a l a rva  was, t h e  more 
l i k e l y  it was t o  move i n  lower wate r  ve loo i t i ea .  Both Wotton 
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(1985) and Ciborowski and Craig (1989) found larval movement 
decreased with increased velocity. 
The generally low rate of larval movement during 
experimental trials (Tables 7.5 and 7.6) agreed with the in 
observation of Mokry (1975). This author noted mass 
movements of a population of 4th to final instar S. venuprunrl 
verecunw (referred to as S. venustum) were minimal during 
normal flow conditions and only occurred during spates, drying 
conditions or  mechanical perturbation of the substrate. Larvae 
would, however. move their relative positions slightly. In 
observation also suggested that larvae remained 
stationary as long as stream conditions remained suitable 
(colbo 1979). Lack of movement ahould not be surprising as 
movement is energetically costly (Wotton 1985; Ciuoeowski and 
craig 1989) and can increase the risk o r  prePstion (Mokry 
1975). Hence, large soale changes in location should be 
restricted to: (i) dispersal stages suoh ae early instars 
(e.9.. Reisen 1977; Colbo and Moorhouse 1979: Colbo and Wotton 
1981; deMoor & 81. 1986); (ii) extreme changes in local 
conditions (MOkry 1975; Ciborowski and Clifford 1981) and; 
(iii) immediate threat to survival such as predation (Wiley 
and Xohler 1981). Considerable movement by late instars 
occurred under stream conditions as tiles were readily 
oolonized. As nokry (1975) noted, individual larvae often made 
small ssale movements, thus tiles Vera most likely ~olonieed 
by larvae occurring on natural substrates within the immediate 
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vicinity of tiles. The fact that last inatars of EFG/C and ACD 
Wer8 very abundant immediately below the outlet at site 3 
shows a significant part of the population remains relatively 
stationary. 
1. Larval EFG/C and ACD selected different microhabitats as 
shown by their response to velocity, depth and distance. 
Prepupae did not select a different microhabitat than larvae 
in which to pupate. 
2. optimal velocity for larval EFc/c was 0.36 m / s .  Larvae 
showed a parabolic orientation to the lake outlets with 
maxirnun abundance estimated at 10.5 - 16.0 m from the outflow. 
The abundance of larval EFG/C decreased exponentially with 
depth. 
3. Optimal current velocity for larval ACD was estimated to be 
between 0.69 - 0.73 m / s .  The distanse-praferance curve for ACD 
at site 3 was opposite to that of EFGJC, with maximum larval 
abundance just below the outlet. The misrodistribution of ACO- 
AA and ACD was not influenced by water depth. 
4. Although both EFG/C and ACO were influenced by both 
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v e l o s i t y  and depth it was not possible t o  explain patterns of 
d i s tr ibut ion  i n  re la t ion  to larval s i z e .  
5 .  Experimental troughs were of little value in  determining 
v e l o c i t y  preferences Under f i e l d  conditions.  
TABLE 7.1. Tile collections used for fitting preference curves. 
Colleation Date of Site Identification No. of larvae (1) Mean No./ 
NO. retrieval or pupae (PI tile ~ S D  
n c ~ t o t ~ ~ e ( s 1  ("1 
EPGlC 
EPGlC 




A C D ~  
ACD 
'pupae were assumed to be EW/C as all last instar larvae identified (n = 501 the previous 
weeK at this site (collection 1) were EMiIC. 
'Very poor chranasoma preparation quality preventing cytotaxononic identification of any more 
larvae. 
$AS all last instar larvae identified (n - 50) from this site at the time of collection were 
ACD. pupae were also assumed to be ACD. 
t e e ? ?  
" & b b t J b j  

T ~ U  7.4. ANOVA and w a y  multiple comparison analysis of stream depth among larval 
collections. Analysis based on log mean (d x 1001. mean and range given for comparative 
purposes. 
collection site ~yrotype(a)+ mean mean depth ~epth 
NO. 109 ~ S D  (m) range (m) F5'2n 
I 3 =G/C 1.31' 0.21 50.05 0.07 - 0.34 27.97'*' 
3 1 EFGlC 1.17~ 0.16 20.05 0.03 - 0.28 
4 2 ACD-AA 1.15~ 0.15 f0.04 0.05 - 0.23 
5 2 ACD-M 1.08~ 0.13 3.05 0.04 - 0.23 
6 3 ACD 1.02~ 0.11 fO.03 0.04 - 0.19 
7 3 ACD 0.93~ 0.09 t0.03 0.03 - 0.16 
*** p < 0.001. 
'Cytotaxonomic identifications given in Tabla 7.1. 
%=an logs with different letters "elre significantly different at p < 0.05. Depth values (la) 
were first multiplied by loo before log transformation to avoid negative log terms. 
TABLE 7 . 5 .  ANOVA of the lnean hourly release rate of las t  
instar larvae among 3  trough velocities. 
Mean I releasing I h ( tSD) F2,,&'' 
0 . 0 6  0 .22  0.35 
mls m/s m/s 
mperinent 1. 0 . 7 5  0 .74  0.49 0.24 
t0 .10  f 1 . 0 2  t0 .36  
Experiment 2 0 .08  0.18 0 . 1 1  0.32 
t0 .13  t0 .27  +0.28 
+Based on 50 cytotaxonomic ldentilisatione larvae in 
experiment 1 were 84% EFGfC ( C I  = 70.9 - 92.8%) and 16% AcD 
(CI = 7 . 2  - 29 .1%) .  In  experiment 2,  all 50 larvae identified 
were EFG/C. 
*~r,~ly.ia of variance baaed on arcsine transformation of 
percentages. 
TABLE 7 . 6 .  Frequensy a n a l y s i s  (G-tents) of t h e  hourly movement 
of l a s t  i n s t a r  l a r v a l  EFGlC a t  3  v e l o c i t i e s * .  
Trough v e l o c i t y  (mls)  Gad), 
0 . 06  0 .22  0 .35  
(m/s) In/.) (m/a) 
% migrating / h 0 . 1 1  0.37 0 .06  4 .99  
8 i n  d r i f t  I h 0.12 0.37 0 . 6 1  6.05.  
% t o t a l  movement / h 0.53 0 .71  0 .67  0 .58  
'A11 50 l arvae  q t o t y p e d  i n  t h i s  experiment were EFGJC. 
FIG. 7.1. Ceramic tiles used as artificial Substrate to 
collect larvae and pupae. (Top) Placement of tiles in stream. 
(Bottom) Close up view of a single tile ehowing attached 
larvae and pupae. 

b - bar used t o  position trough a t  required leve l  
E = trough channel 
h = small reservoir 
m = main reservoir p"w"gK~s:*~e water "" "a'" t o  ""a" "'""Oi' 
s - s ieve  
t = plexiglars trough 
tt = Tygon tubing 

FIG. 7 . 3 .  Velocity-prsEerence ourves for larval EFG/C, ACD-AA 
and ACD. Preference factor measures l a s t  larval inrtar 
response t o  observed ohanges in ve loc i ty  on e sca le  of 0 
(conditions l e a s t  suited for larvae) t o  1 (optimal 
conditions). 
qJ-,3 I 
L - 0  
0.0 0.2 0.. 0.e 0.- 1.0 
VELOCITY (rn,., 
FIG. 7.4. Distance-preference curve- for lama1 EFG/c and ~ C D .  
PrePemnce factor measures last larval inatar response to 
observed changes in distance from an outlet on a scale of 0 
(conditions ].east suited tor larvae) to I (optimal 
conditions\. 
b) EFO/C SITE 3 
METERS FROM OUTLET 
FIG. 7 . 5 .  Depth-preference curve- for larval EFG/,/C. Preference 
factor measures last larval instar response to observed 
changes in depth on a scale of 0 (conditions least suited for 
larvae) to 1 (optimal conditions). 
DEPTH (rn) 
FIG. 7.6. Distance-preferen~e and depth-preference curvas for 
pupal EFG/C (collection 2). Preference factor measures pupal 
response to observed changes in a stream variable on a scale 
of 0 (conditions least suited for pupae) to 1 (optimal 
conditions). Note the affsst the interaction term (md) has on 
curves, i.a.. pupal response to depth Id) was modified by 
extreme values of distance (m) and vice versa. 
d = . 2 7  






(I: a. 0.0 
0.0 5.0 10.0 15.0 20.0 25.0 
METERS FROM OUTLET 
DEPTH (rn) 
FIG. 7 .7 .  Distance-preference and valocity-preference curves 
for pupal Aco (co l l ec t ion  6 ) .  Preference factor measures pupal 
response t o  observed cnangas i n  a stream variable on a s c a l e  
OE o (conditions l e a s t  su i ted  ior pupae) t o  1 (optimal 
condi t ions ) .  
M E T E R S  F R O M  O U T L E T  
0.0 0.2 0.4 0.6 0.8 1 . 0  
VELOCITY (m/s) 
(optimal conditions) . 

F I G  7 . 9  va loc i ty -e iee  and dapth-size scatter p l o t s  f o r  
l a r k  E ~ G , C  (co l l ec t ion  3 ) .  For ~ a c h  head capsule character, 
each point represents a mean (n - A ) .  Error far  sample means 
was law (CV = 3 . 6  - 4 . 2 % )  and omitted for c l a r i t y  of 
presentation. CAW 3 Oephalio apotone width. HCW = head capsule 
9:idth HCL - length from lateral-dorsal aspect of t h e  
postahtennal buttress t o  t h e  lateral-dorsal aspect of t h e  
postocciput,  and PnW = distance between t h e  dorsal aspecte o f  
the  postantennal buttresses. 
o L )  0.1 0 2  6. 0 0  0.8 0- 0.0, 0.2. 0.m 0.2. 
1 ) 
0 0 .  0 0 .  0.0 0 .  0.00 0.01 0.3. _I %I. 
v r ~ o c t n  (m/=) D L ~ H  (m) 
FIG.  7 .10.  Ve loc i ty - s i ze  and depth-size scat ter  p lo t s  for 
larval ACD ( c o l l e c t i o n  61. For each head capsule character 
each point represents  a mean (n = 4 ) .  Error for sample mean; 
war low (CV - 4 . 6  - 5.5%) and omitted Eor c l a r i t y  of 
presentation. CAW = ~ e p h a l i c  apotome width. HCW = head capsule 
width, HCL = length from lateral-dorsal aspect oP the 
portantennal but tress  t o  the  lateral-dorsal aspect oE the 
p ~ s t o c c i p u t ,  and PAW = distanoe between the dorsal aspects of 
t h e  portantennal buttresses.  
. . 
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Phenology is an important aspect of any aquatic insect's 
life history strategy (Butler 1984). The phanolqy of 5. 
yem&.u~lverecundm aman be broadly divided into 2 cycles: TYPE 
1 - univoltine species (most xem!&m 7) with eggs deposited 
in early s m e r  and hatching the following spring. Pupation 
starts by April or May; TYPE 2 - Bivoltine and multivoltine 
species (-!&an, some ysu&m) with eggs often hatching 
later than TYPE 1. n o  or more generations per year occur and 
larvae, pupae and adults can be present all summer. Eggs laid 
by the lest s u m r  or fall generation overwinter until the 
following spring (Rothfels & a. 1978; N p p  and Gordon 1983; 
Lake and Burger 1981; Adler 1986; Adler and Kim 1986). 
Much is kn- about the seasonal distribution of all 
stages of the a. yenustum/vereoundt@ oomplax in Newfoundland 
(Lewis and Bennett 1973, 1974; Ezenva 1974; Mokry 1976; 
Mccreadie & a. 19851, however, other than a few collection 
records (Rothfels e+ a. 1978; Colbo 1985), little is known 
aboutthephenology of individual cytotypee. The present atudy 
examines the seasonal SYEEBSS~O~ of a. renuatumlverecundum 
oytotypes in both rublacustrine and downstrean habitata. 
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IUVERIALII AND WBTEOD8 
8tudy sites 
Four sampling stations were selected for study. Three of 
these stations, designated as Axes Pond outlet (WO), Big 
Pioooa (BP) and Little Piccos (LPI, were located on the Piccos 
drainage basin (Chapter 6 ) .  The locations of these sites are 
given in Fig. 6.1 (station 2 = LP, station 7 - APO, station 11 
= BP). The fourth site, designated Beachy Cove outlet (BCO), 
was located on the Hogan Pond drainage basin (47°34' - 47-37, 
N, 5Z05o0 - 32-51' W), 11 km W of St. John's (Pig. 8.1). Each 
station coneilited of a 10-n stretch of stream. APO and BcO 
were located close to outlets (< 80 m) whereas Little and Big 
Pissos vere located further dovnstream (> 1 km). 
me A m  sampling station (47'40'45'' N, 52*45'30°' W) war 
located on Piccos Brook, 65 - 75 n dovnstream from the outlet 
or Axes W n d  (pond area = 14.1 ha). Over the course of the 
field season this sesond order stream varied between 3 - 4 m 
in width. The bad was primarily Nbbla and the riparian 
vegetation brvah (Tabla 2.2) which produced a partial canopy. 
The site can only be reached on foot, and is re?stively 
undisturbed by man; there are no buildings on Axes Pond. 
The BP station (47912'15" N, 52'44'00" W) was located 
on a third order section of Piccos BrooX, approximately 2.5 km 
downstream of &PO. me slosast outlet to BP was Upper Gallows 
Cove (pond area = 10.0 ha) approximately 1 M upstream. Stream 
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width varied between 7 - 10 m. The stream bed was primarily a 
rubble-boulder mix and the  r ipa r i an  vegetat ion fo res t  which 
d i d  not produce a s i g n i f i c a n t  Canopy over t h e  stream. ~ l t h o u g h  
t h i s  s i t e  was looated l e s s  than  100 m from s secondary 
highway, it was well  0onCealed from view and showed l i t t l e  
disturbance by man ( i . e . ,  no s igns  of human d e b r i s ) .  
The LP a t a t i o n  (47'40'30'' N, 52'47'15'. W) was located 
an a seaond order stream. Stream width varied between 1 - 5 m. 
 he stream bed was p r imar i ly  N b b l e  with s i g n i f i c a n t  amounts 
of moss ( r o n t i n a l i s  m.). This s i t e  was loca ted  i n  a small  
spruce f o r e s t  which produced a p a r t i a l  canopy over t h e  stream. 
Although severa l  houses ware located 100 - 200 m upstream, t h e  
sampling s t a t i o n  was f ree  o f  debr i s  and appeared r e l a t i v e l y  
undisturbed by man. This s i t e  was approximately 3.5 h 
downstream from t h e  nea res t  pond ou t l e t .  
The BCO s t a t i o n  (41'35'45" N ,  52'51°00" W) was 
es tab l i shed  on Beachy Cave Brook, 55 - 65 !n downstream fron 
w g h s  Pond (pond area - 7.5 ha).  Width of t h i s  second o rder  
atreem varied between 1 - 5 n. The stream bed was pr imar i ly  
rubble and t h e  banks were l ined  by t r e e s  producing a p a r t i a l  
canopy. Several  houses and summer homes were loca ted  on Hughs 
pond and ~ e a c h y  Cove Brook which is a more disturbed and 
enriched (by human a c t i v i t y )  system than s i t e s  on t h e  Piccos 
drainage basin. The sanpling s t a t i o n  was loca ted  on p r iva te  
l and  and free f ron  publio tampering. 
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Sampling pzoosduzer 
s i t e s  vere quan t i t a t ive ly  sampled each week i n  1987 and 
1988 from t h e  beginning o f  nay t o  the end of August, and 1 - 
2 times i n  September. LP was sampled i n  1987 only. Each 
s t a t i o n  was sampled with an a r t i f i c i a l  s u b s t r a t e  i n  1987. 
Natural  and a r t i f i c i a l  subs t ra tes  ve re  used i n  1988. The 
a r t i f i c i a l  sampler consisted o f  a s ing le  10-cm length 
(diameter r 2.0 m) of s t i f f  monofilament f i sh ing  l i n e  (Triple 
Fiah commercial Line, Slonek KG., Saal/Donau, west Germany) 
anchored t o  a m a l l  metal weight such t h a t  t h e  f i lament 
p ro jec ted  upward i n t o  t h e  water column (Fig. 8.2).  Filaments 
were s s l e c t s d  because they: i )  co l l ec ted  l a r g e  numbers of 
l a rvae  (Colbo 1987) ; i i )  were inexpensive (1.5 ~ e n t n / f i l a m e n t )  
end; i i i )  were eas i ly  r e t r i eved .  Ten f i l aments  vere placed a t  
eaoh s t a t io '  and replaced weekly. I n  1988, rooks (n - lo )  a t  
Am, BP. and BCO, and vegetat ion (- m.) a t  Bco ( n  
= 5) vere a l s o  sampled. A sample s i z e  of 10 was se lec ted  
beoaure it y ie lds  modest p res i s ion  ( a l l a n  1984),  with 
reasonable so r t ing  t i n e ,  and i n  t h e  Ease of rocks,  minimizes 
etream bed destruction.  Sampling individual  rocks as opposed 
t o  a s e t  area of stream bed f u r t h e r  reduaes s o r t i n g  time and 
stream bed destruction.  The sca rc i ty  o f  vegetat ion a t  BCO in 
t h e  sp r ing  lead t o  a reduced sample s i z e  (n - 5) .  The laok of 
vegetat ion precluded its sampling a t  BP and APO. 
a random s t r a t i f i e d  sampling design ( s t r a t a  = f a s t  and 
s lowwate r  ve loc i ty )  wa= used because samples se lec ted  i n  t h i s  
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manner have reduced error and are more representative than 
samples of equal size from a simple design (cumins 1975; 
Bhattacharyya and Johnson 1977; ~lliott 1977). 80th these 
points were impo~tsnt considerations with the limited sample 
sizeusedhere. As velosity i n a  primary correlate of simuliid 
distribution (Tables 1.1 and 1.2). strata vere based on this 
variable. Strata vere determined weekly. At a station, 3 or 4 
equidistantvelaity readings, measuead 5 F. above the stream 
bed (i.e., filament midpoint) and perpendicular to the stream 
bank, ware taken. This precedura was repeated at every 2.5 m 
length of stream, giving a total of 15 to 20 readings for a 
station. Any velocity neasuremont exceeding one half the 
maximum recorded velocity was considered fast; all othsr 
values were considered slow. Velocity measurements were then 
used to determine the area of fast and slow water and the 10 
artificial samplers proportionally allocated to each stratum. 
Plasement of filaments within each stratum was achieved by 
dividing the sits into a 2 0  x 20 grid and using a random 
number generator to select sampler position. samplers were 
retrieved M e  following week. Rock and vegetation were 
simultaneously oollected with filaments using thin stratified 
prOtOEo1. 
At retrieval, each filament was removed from the etrean, 
Covered with a culture tube, out from the anchor, and the tube 
capped. Individual rocks were collected by hand and placed in 
plastic bags. Vegetation was collected using a 15 ca long 
236 
(diameter = 6 on) piece of PVC tubing. one end was closed with 
50 pm mesh plankton netting held i n  place by an '0, ring. 
sampling was accomplished by s l id ing  vegetation i n t o  the open 
end of the tubing and cut t ing  off the required amount. Each 
tube with i t a  contents was then placed into a p l a s t i c  bag. A11 
collections proceeded i n  an upstream direction t o  minimize 
disturbanoe. A11 saapleswere placed on ice for t ranspor ta t ion  
t o  the  laboratory. 
streamvariablenmea~ured a t  eaoh collection (see chapter 
2 for  de ta i l s )  included stream width (upstream, midpoint and 
downstream boundaries), temperature (present, weekly minimum 
and maximum), conductivity, pH, diasolvad oxygen, saston, and 
mean depth. At the s ta t ion  midpoint, 3 - 4 equidistant 
readings of velocity ( a t  0.6 the  depth) and depth, along with 
midpoint width, were used t o  ca lsu le te  discharge. 
I n  the  laboratory larvae were f i red  l i v e  and the  number 
of l a s t  ins ta r  S. yemuUm/v8recundum from each filament, rock 
and vegetation sample was oounted. The surface area of each 
rock was estimated following nocreadie and colbo (1991). The 
surface area 01 each vegetation sample was estimated by q i n g  
several I x I om sections for 24 h a t  60-c and weighing them 
t o  t h e  nearest mg. Thus the  weight of a specified area of 
vegetationwas knownand thisweight-area relationship used t o  
estimate the  surface area of remaining vegetation i n  each 
sample. Quantitative density estimates from natural substrates 
were expressed as number/mz and for the a r t i f i c i a l  samplers as 
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numbarjfilament. 
Each substrate was analyzed separately. An attempt war 
made to score all individuals in weekly samples with s30 
larvae. M o v e  this number the parcentcytatype composition for 
each week and substrate was estimated feos a random stratified 
subsample of 22 (see Appendix 2). Since chromosome preparation 
gllalityoontinually diminished throughout the summer months it 
was not always possible to cytotype 22 larvae; nonetheless, 
cytotype composition was usually estimated within an error of 
f201. 
Data ~nalysis and eval~.ti~m 01 the supling program 
Ae sample variance generally exoeeded the mean in lnost 
instances, a log (y + 1) transformation was used when 
calsulating confidence intervals for mean number o€  P. 
venustunlverecuadum (Elliott 1977). In cases where all larvae 
in a sample were ~usseaafully cytotyped. mean number of each 
cytotype was calculated directly. More often only a subsample 
or lar~ae was identified; accordingly, mean number of each 
cytotype was estimated as: 
[I] Mean number = total larvae x taytotype in 
of cytotypa, in sample subsampie 
Sample size 
Since means calculated in this manner provide no estimate of 
error, confidenoe intervals cannot be calculated. Tha 
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inability to ocloulate confidence limits for individual 
cytotypae was not considered essential to quantify trends in 
seasonal succession over time. confidence intervals were 
essential only for evaluating the performance of 
etratification and for this mean nunbe. of g. -/ 
EzssvAm was ueed (see below). Means for each cyttttye were 
plotted as logs sinoe seasonal trends in abundance over 4 
orders of magnitude were to be compared. 
The stratified random sampling design used here required 
oonsiderable time, hence an evaluation of this protocol was 
deemed appropriate. R o n  ealeet data sets percent confidertce 
intervals (%CI = crlmean x loo) and coefficients of variation 
(CV) were calc~lated using procedures for both stratified and 
simple designs (Elliott 1977). Mean differences in %CI and 01 
between these E B ~ C U ~ B ~ ~ O ~ S  were considered an indication of 
the precision gained from stratifying collections. Data sets 
for filaments included the 3 weeks of penk abundance from each 
site and year (for APo in 1988, n - a ) .  Rook and vegetation 
colleotions with abundant larvae from BCO were also used. 
An evaluation of the effestiveness of filament samplers 
tomonitor population ~hllngeawas also undertaken. corralation 
malymis between the seasonal log mean abundance of it:dividual 
cytotypea on rocks, vegetation and filaments was uscd to 
evaluate the faoility of filaments to monitor population 
changes on natural substrate. Data from AW and Bm for 1988 
were employed in the analysis. The low number of larvae 
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oo l l ec ted  from rocks a t  BP (n = 23) precluded t h i s  s i t e  from 
t h e  analysis .  
Iasa of larvae from fi laments a t  r e t r i e v a l  was estimated 
as follow8: on May 14. 1988, 3 rows, each with 3 filament 
samplers, were placed i n  a 3 motor vide stream draining Gull 
Pond (47n34.30" N, 52~50'30" W ) .  At time of r e t r i e v a l  (May 
a4, 19a8) a collectinn ne t  was positioned immediately 
dovnstream of each filament t o  capture releasing l a s t  i n s t a r  
larvae.  Release r a t e  vss ca lcu la ted  as number of l a rvae  i n  the  
n e t  divided by the  t o t a l  number (- ne t  + f i laments) .  
Evaluation of the sampling pr091am 
nean percent confidence in te rva l s  (%a) and maan 
coef f i c i en t s  of va r i a t ion  (cv) ror se lec ted  data s e t s  a€ 8. 
-/yerecundum la rvae  are given i n  Table 8.1. For eech 
s u b s t r a t e  and year, r e s u l t s  sh- for simple end s t r a t i f i e d  
designs were f o r  t h e  same da ta  se t ;  however, c a l ~ l a t i o n s  of 
ICI and cv followed procedures for simple and s t r a t i f i e d  
designs ( E l l i o t t  1977). The d i f fe renae  in error between these 
c a l ~ l a t i o n s  Wa8 minimal, with error, based on e i the r  of these 
calculat ione,  moderate t e  high. Mean log density,  confidence 
i n t e r v a l s  and coar f i c i en t  of variat ion,  fo r  each weekly 
co l l ec t ion  and subs t ra te  f o r  S. y e n u s t u m / v e r e m  larvae,  is 
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provided in Appendix 4.  as wall, estimates of log mean density 
for each Eytotype are given. 
only 3.6% (- 41j1152) of last instar S. venurtulnl 
yerecundum larvae released from filaments during retrieval. 
correlation analysis between seasonal trends in cytotype 
abundance observed from different substrates is presented in 
Tabla 8.2. With the exseptioil of EFGIC from -0,  each cytotypa 
showed a similar pattern of seasonal population change among 
the different aubstratea. 
cytotyp. composition among stations and subatratas 
A total of 1428 8. vsnustumjverecundum complex larvae 
were cytotyped (Table 8.3). Based on 134 male identifications 
(pooled from all sites) CC2-3 consisted of 78.4% CC2 (CI - 
70.4 - 85.01) and 21.6% CC3 (CI = 15.0 - 29.6%). Cytotype 
composition for each site, year, and subetrate is shown in 
Pig. 8.3. Three points should be noted. Piret, the cytotrpe 
fauna near outlets (BCO, APO) was narkedly different from 
sites further damstream (BP, IP). EFGjC and ACD were found 
only at B m  and -0. Although AA was found at all sites, it 
was most Crequently collected from -0. CC2-3, AC(9b). AA were 
the only aytotypes found at BP and LP, with CC2-3 comprising 
most of the larvae collected. Ac(gb) was rarely found at APO 
and never identified from BCO. Second, oytotype ass~mblage at 
a partisular site was usually consistent from year to year, 
although percentages varied. 
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Finally, data from BCO during 1988 showed cytotype 
oomposition varied with substrate. Chi square analysis (Table 
8.4) showed highly significant differences in composition 
among substrates at BCO. Proportionally more EFC/C larvae ware 
oolleotad from rocks than filaments or vegetation. In 
contrast, the proportion of AA and ACD was considerably higher 
on vegetation than on rocks. The incidenoe of CCZ-3 was 
similar among the different substrates. overall, oytotype 
composition was most similar between filaments and vegetation. 
Because means for individual cytotypes were not suited to 
statistisal analysis (I.=., no errortems, see equation [I]), 
rigorous comparisons of cytotype density among different 
substrate- were not possible. However, at BCO all larvae 
cytotypad (n = 291) from July to Septewer 1988 were either 
ACD or. ?A and therefore t-tests were calculated between the 
density of mixed ACD-AA on rooks and vegetation (Table 8.5). 
In 4 out of 5 cases, density of ACD-AA larvae was 
significantly (p c 0.05) greater on vegetation than racks. 
8ea80nal S U O S ~ S S ~ O ~  of lama1 EYtotyPBs 
seasonal variations in stream variables are given in 
Pigs. 8.4 - 8.7, and Table 8.6. From the beginning of June to 
September 1988, water levels, water velocities and senton 
loads were usually higher than in 1981. ~uring May, this trend 
was reversed. In fact, low water levels and a heavy build up 
of algae during 1987 foroed sampling to be abandoned at APO by 
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t h e  second week of July.  Stream pH was s imi la r  f o r  each e i t e  
and year,  varying between 5.5 - 6.8 over t h e  course of the  
f i e l d  season. Conductivityuaa s imi la r  a t m ,  BP, and LP, but 
s l i g h t l y  higher a t  BCO, suggesting some pollution a t  t h i s  
l a t t e r  s i t e .  Disso lvedo~genwaausual ly  c lose  t o  saturation,  
but  varied from 70.2 - 119.21. 
ma pa t t e rns  of l a r v a l  seasonal  succession are given i n  
Figs. 8.8 - 8.10. EFGIC larvae vere cons i s t en t ly  t h e  f i r s t  t o  
appear, occurring 1 - 5 weeks e a r l i e r  than other cytotypes 
(Figs. 8.8 - 8.10). F i r s t  ine ta re  co l l ec ted  from BCo on April  
5, l9aa (stream temperature - I T ) ,  reared t o  l a s t  i n s t a r  and 
oytotypad (n = 27), proved t o  be EFGIC. Peak l a rva l  density 
oscurrad i n  mid nay but EFG/C was found as l a t e  as June 18. 
only a s ing le  generation was found a t  e i t h e r  Am or BCO. 
I d s t  i n s t a r  l a rva l  ACD and AA cons i s t en t ly  appeared 2 - 
4 weeks l a t e r  than EPGlC (Figs. 8.8 and 8.9). During 1987, the  
summer generation(=) of ACD a t  B M  vere grea t ly  reduced and AA 
was not found. Only a s ing le  peak of high density was seen a t  
Am for ACD and AA before stream conditions forsed an end t o  
ssmplirq a t  this s ta t ion .  I n  1988, A 0  and AA vere most 
p l e n t i f u l  a r t e r  June a t  APO and BCO. n o  - t h r e e  peaks of high 
l a m a 1  dens i ty  were seen f o r  both ACD and AA (Pigs. 8.8 and 
8 . 9 ) .  In te res t ing ly ,  AA invariably appeared, though i n  low 
numbers, a t  boM LP and BP, a f t e r  CCI-3 and ACIgb) had emerged 
(Fig. 8.10). I d s t  i n s t a r  larvae of ACD and #.A were ~ o l l s c t e d  
from May 27 t o  September 16. When ACD and AA vere sympatric, 
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patterns of abundance were similar with seasonal peaks often 
coinciding. 
The pattern of seasonal succession for ACIgb) and CC2-3 
at the LP and BP sampling stations is shown in Fig. 8.10. 
Although seasonal Dscurrence of AC(gb) end ccz-3 overlapped, 
Ac(gb) was present in streallla for a much shorter period of 
time. AC(gb) was found as early as May 20 and as late as June 
18. CCZ-3 was found from May 20 to July 9. Based on 113 male 
identifications from BP and LP, CC3 was present from May 28 to 
~ u n e  26, whereas CCZ war found May 20 to July 9. Only single 
generations of AC(gb) and CCZ-3 were observed. 
Waluation 05 the sampling prograa 
Mean sample errors, as indicated by %cI and 01 were 
comparable to previous studies using a simple random design of 
similar sample size 1e.g.. Allan 1981). The additional time (1 
- 2 h/site) required to implelnent a stratified desig.2 was not 
justified on the basis of reduced error. 
Few last inatare were lost from filaments during 
retrieval. Larvae found in the collecting net could have 
originated from the metal weights or surrounding benthos, as 
wall as from filaments. Hence, the release rate of 3.6% ia 
undoubtedly an overestimation, but lower than previous reports 
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(m lot) for other artificial substrates (Xosenberg and ~ e s h  
19811. 
~n a recent review o: the literziuee, colbo (1987)  
concluded that artificial samplers were effective for 
monitoring the seaeonal distribution of larval and pupal 
simuliidc. with tho ~xseption of E W I C  at APO, tho results of 
 able 8.0 support this conslusion. at present T have no 
enplanation for the complete absence of EPGlC from rocks at 
APO during the spring of 198s. Disney (1971) suggarted the 
extent to which a particular species exploits an rtificial 
substrate may vary with stream conditions. 
~ilaments also collected large numbare of larvae which 
was not always true for natural substrates. For example. 
adequate numbers of larvae were taken from Filaments at BP 
(19p7, n = 238; 1988, n - 2 5 4 )  to eetablian the seasonality of 
cc2-3 andac(gb), whereas few larvae (1988, n = 23) were found 
on stones. In addition, it has been my expericnca that 
fixation of live larvae produces the best chromosome 
preparations. at rrtrieval, filaments plased in culture tubes 
pernittad easy storage and transportation of live larvae from 
field locations ;D the laboratory where fixative could be 
applied. In conclusion, fi1amel:ts are recommended for sampling 
larval cytatypem of the a. ~ l y - ~  CDRPleX 
because: i) filaments reflected population trends on natural 
subetrateai ii) filaments were cheap and easy to produse; iii) 
iow larvae released from filaments on retrieval1 iv) few other 
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inseots colonized filaments and; v) live larvae collscted on 
filaments vere easily stored and transported under field 
conditions. evaluation of their effectiveness for other 
simuliids is encouraged. 
cytotyp. aompo.ition vong station. and .*strat.* 
The results in Pig. 8.3 oorroborata the conalusions of 
chapters 5 and 6, i . e . ,  the oytotype fauna at sublacuatrina 
locations is distinct from the fauna at sites further 
downstream. Eaclc, ACD, and M were found to dominate the 2 
sites near outlets (APo and BCO) , whereas almost all larvae at 
the 2 sites further d0b:nStrsam (BP and LP) were CC2-1 and 
AC(9b). 
cytotype compoeition diff.red am-ng nubstrates. 
Proportionally more ACD and AA vere found on vegetation than 
on rooks, whereas the reversa was true tor EPGIC. It was also 
noted that the density of a mixed ACD-M pvpulation was 
u~ually higher on vegetation than on rocks. nicrohabitat 
aeleation of e ~ l c  differed iron AcD and AA not only in t e r m  
02 water velocity, depth and orientation to outlets (ohaptor 
7 ) ,  but also in the choise of substrate. The preponderance of 
AA on vegetation is in agreement with both the findings in 
chapter 5 (Table 5.8) and the studies of Adler and Xis (1986) 
and Eiboravkei and Adler (1990). In northern QuebeF Wolfe and 
patarson (1959) found that during ~ u l y  and August s. 
-1verar;undu larvae (reported as 8. -) vere more 
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abundant on aquatic grasses than on stones. Judging by the 
time oP year of this report it is likely that larvae raferred 
to were largaly S. complex (Adlar 1986; ~dler and 
xim 1986; present study). ~n the h. YitrarYm complex, Adler 
and xim (1984) ahwed substrate preferensas between siblings 
at mixed sibling sites. These authors found larvae of IIIL-1 
attached more commonly to rocks and IS-7 to grasses. 
8m.son.l muaa.smion oi larval syt0tYp.m 
Species sonplaxas inveetiqated to date have shown that 
the aaasonal occurrence of sympatris members often overlaps. 
altnough development is typisally staggered and population 
peaks asynchronovs (Adler 1987). In ths present study a 
similar trend was observed. When EPDIC, ACD and AA were 
sympatric, the latter 2 simuliids invariably appeared after 
the peak abundance of EFCIC. In 1988, CC2-3 was present at APO 
in significant n-err and though synchronis with EPGIC, ACD 
and AA, deve1op.ei.t of cytotypes was staggered and population 
pears asynchronous. ~lthaugh ~ ~ ( g b )  and CCZ-3 showed a great 
deal of eessonrl overlap, Ac(gb) occurzed over a much shorter 
period or tire. 
cordon and m p p  (1980) suggested that the seasonal 
sequence of qtotypea in New York state (EC, ACD, AA-AC) was 
driven largely by temperacure. mi. does cot appear to be the 
situation in Newfoundland as stream temperature varied 
considerably from year to year, yet cytotype occurrence 
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ramained relatively consistent. For example, LCD and AA 
invariably appoared in the last week of nay or the first week 
of June, regardlaso of the fact that mean weekly temperatures 
varied from 11.0 (range 7.5 - 15.0.~) - 1 9 . 0 ~ ~  (15 .5  - 
2 2 . 5 . C ) .  Similarly CC2-3 or Aclgb) always appeared near the 
end of May despite the fact mean stream temperature varied 
from lo.o*c (5.5 - 15.0'~) - 18.0'~ (11.5 - 23.0'~). =he broad 
range of tenpratures survived by EPCIC, ACD and AA (chapter 
4 )  indicates differences in the seasonal distribution of these 
cytotypee were not due t.sperri&?ic temperature requirements of 
the larvae. Although temperature etrongly influenses the rate 
of development (chapter 1). it was apparently less influential 
in deterninlng when on the temporal axis. development 
begins. 
Eggs of EFOIC probably commenced hatching by late Marsh 
as first inetara were abundant by early April. EFCIC was found 
to be a univoltine spring rpesies in Newfoundland, which 
agrees with previous ~ a r t h  meriman reports (Rothfela ct d. 
1978; Cupp and Gordon 1983). In contrast to the North American 
populations, overwintering a. (i E K / C )  does not  
hatch until mid June in Sweden (Carlsson eta. 1977). and in 
Finland a eesond summer ganeration develops (Wotton 19621. 
1n wew ~ampshiro ~C(gb) was raportad to be blvoltlne, 
with a late e w e r  generation present in streams in August and 
septenbee ( ~ s k e  and eurger 1983). No evidence of e second 
generation was found at BCO, APO, BP, or LP. However, the 
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occurrence of ~ ~ ( g b )  in the same trickle on ~ a y  1 5  and ~ u l y  
21. 1988, (Appendix I, sit. 8 ) .  suggested a, second generation 
did ofcur at some sites. sinila)rly, no evidenoe was fovnd for 
a second generation of CCZ-3, whereas its presense in 37 out 
of 58 summer macrodistribvtion COllestions (Table 9.7; Pig. 
5.3) clearly indicated this eimvliid w a s  bivoltine and 
possibly multivoltine. classic cc2 males (11s - CC, IIL-I - 
rli, IIIL-5 - 11, ~othfele et aL. 19781 uere collected as late 
as ~uguat z in the roasrodietribution sullestions, confirming 
the suspicion or Rothfels et E1. (1978) that this cytotype was 
bivaltine in Newfoundland. The occurrencs of a few classic CC3 
males (11s = cc, IIL-1 - as, si or ii, IIIL-1 - ali, Rothfels 
Isala) in mid July sugqaatad this cytotypa night have mare 
than 1 generation. lilternetively it is quite possible these 
few C C ~  males might have bssn univoltina individuals with 
delayed development. 
mo possibilities would amoount for the discrepancy 
between the data presented here and Table 5.7: either a summer 
generation(s) of AC(gb) and CC2-3 was present at on. or more 
of the phenoloqy sampling stations but was not detected, or, 
only a single generation of ~ ~ ( g b )  and CCZ-3 occurred at tk-se 
sites. ~t aeeas very unlikely that with over 1 4 0 0  cytological 
identirications of larvae rrom natural and artificial 
~ubstrates, collosted at 4 sites and over 2 field reasons, a 
seoond generation would net be detested. It seems much more 
likely that only a single generation of AC(gb) and CC2-3 
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occurred at the phenology sampling stations. =his implies that 
within a limited geographic area, the number of generations 
can vary between streams, a situation previously noted for cc 
in Pennsylvania (rdler and  in 1986). 
ACD and AA appeared later in the season and remained 
longer than EPGIC, CEZ-3 or ~ ~ ( g b ) .  other authors have 
reported members of the ysrec lum line tend to occur later 
than most members of the xswsan line (B.9.. cupp and Cardan 
1983). The extended time ACD and IVL were present in the field 
clearly shoved these simuliids were nultivoltine in 
Newfoundlend. A m  and AA agg masses collected fro. vegetation 
in late June (chapter 4) further corroborate. a m"1tivoltine 
life hir2oey. M and ACD have been report- as multivoltine in 
other areas of North America (Rothfels & gl. 1978; Oordon and 
Cup[, 2980; N p p  and Oordon 1981; lake and Burger 1981; Adler 
1986; Adler and Kim 1986). Reduced flow during 1987 may have 
contributed to the greatly diminished summer generation(=) of 
ACD at BCO (Jamnbaok 1976). In fast flow was sufficiently 
reduced during the summer of 1987 to preclude sampling at lie0 
by the .iddl. or July. 
Ths life history of the XeJlWam line of S. xen%Ebm/ 
YB.BOYIIIYI complex has often been desoribed as univoltine and 
that of the verecvndun line as multivoltine (8.9.. Adler 
1987). Since 6 of the known 10 cytotypss of the venvEtvrn line 
have -en reported to be bivoltine or multivoltine, at least 
under ser+ain sircumstancer. (Rothfels et a. 1978; WottOn 
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1982; Lake and Burger 1981; Adler 1986; Adlar and Kim 1986; 
present study) such generalizations are oversimplified. 
1. EPG/C appeared 1 - 5 weeks earlier than all 0th-r 
cytotypes. ACD and AA usually appeared latar and remained in 
streams longer than EFGIC, AC(gb) or CCZ-3. Although the 
seasonal occurrence of sympatric cytotypes o m e n  overlapped, 
development was typically staggered and population peaKs 
aeynshronous. 
2. EPGIC in univoltine. ~ ~ ( g b )  may have a second generation at 
a feu sites. CCZ-3 has at least 2 generations per year in 
Newfoundland. ACD and AA ere nultivoltine. 
3. Proportionally more ACD and M were found on vegetation 
than rocks, whereas the reverse was true for EFGIC. The 
density of a mixed ACD-AA population was usually higher on 
vegetation than rocks. 
4 .  The stratified random sampling design did not substantially 
reduce eampl!ng error but probably yields more representative 
samples than a simple random sampling deaign. 
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5.  Filaments are resonnuended as an artificial sampler. 
TABLE 8.1. Compcrieonr of c a l c u l a t i o n s  of mean pe rcen t  
confidence i n t a r v a l a  (%Cr) a n d  c o e f f i c i e n t s  oE v a r i a t i o n  (CVI 
fo r  s imple  and s t r a t i f i e d  random sampl ing  designs.  Number of 
sample s e t s  used f o r  each comparison i s  given i n  pa ren theses .  
F i l anen t s '  Rooks Vege ta t ion  
-- --
1987 1988 1988 1988 
(121 (81 (31 (51 
Mean % C f  
Simple 55.98 31.56 51.7% 92.0% 
des ign  
S t r a t i f i e d  48.1% 28.2% 50.4% 87.7% 
des ign  
- - 




Simple 74.6% 42.16 69.9% 74.1% 
des ign  
S t r a t i f i e d  61.01 37.98 67.9% 70.6% 
d e s i g n  
- - 
Dif fe rence  10.66 4.2% 
- - 
2.0% 3.5% 
'Per each s u b s t r a t e  and year, r e s u l t a  f o r  s i m p l e  and 
s t r a t i f i e d  d e s i g n s  were f o r  t h e  same d a t a  s a t .  C a l c u l a t i o n s  
%cI and  CV. however. fol lowed ~ r o c e d u r e a  f o r  s i m ~ l e  and 
s t r a t i f i e d  dsa i sne .  
"CI f o r  e a c h  sample was expressed  as a p e r c e n t  of  t h e  mean, 
i.e., IcI, = (CI,/meim,) x l o o .  
TABLE 8.2. Correlation ans lyr i e  between t h e  seasonal l o g  mean 
abundance oE individual  oytotypes on rocks, Vegetation and 
f i laments .  Data were f r o .  t h e  1988 f i e l d  season. 
Filaments' Filaments vs Vegetation 
ve rocks vege ta t ion  YS rocks 
Tota l  0.894*** 0 . 8 2 1 t ' t  0.708*' 
EPG/C 0.868*.* 0.958t.a 0.870-1' 
I C D  0.661.. 0.712t.t 0 .643"  
Tota l  0.629*. 
EPGlC 0 .000 
t p < 0.05, ** p < 0.01 ,  '** p < 0.001.  
'TOO f e w  larvae (n = 2 3 )  were m l l e s t e d  Erom rocks a t  BP for 
a meaningEu1 analysis ,  thus i t s  omission here. 
*n - 18,  df = n - 2. 
TABLE 8 . 3 .  ~ o t a l  nunbar o f  i n d i v i d u a l s  of each c y t o t y p e  
i d e n t i f i e d  a t  t h e  4  phenology s i t e s .  
Number 
i d e n t i f  iad 





'Based o n  134 male i d e n t i f i c a t i o n s  ( p o o l e d  from a l l  s i t e s 1  
CC2-3 c o n ~ i s t e d  O f  78.4% CC2 (CI - 7 0 . 4  - 8 5 . 0 % )  and 21.6% CC3 
(CI - 15.0 - 2 9 . 6 8 ) .  
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TABLE 8 .4 .  Chi square a n a l y s i s  of c y t o t y p e  composition amanq 
d i e f erant  s u b s t r a t e s  €or t h e  BCO c o l l a c t i o n s ,  1988. 
% composition' n" x2 
- 
EFGlC ACD Al. CC: -3 
Filaments 77 .6% 12.1% 6.3% 4.1% 762 571.5**+ 
Vegetation 65.8% 11.0% 15.4% 7.8% 1743 
*** p < 0 . 0 0 1 .  
'% Composition based on 479 cy to typed  larvae. 
*'Total number oi l a s t  in s tar  5 .  vanustumlverecundula l arvae  
c o l l e c t e d .  
TABLE 8 . 5 .  comparieons of ACD-AA l a r v a l  dens i ty  on rock a n d  
vegetat ion s u b s t r a t e s  tram BCO, 1 9 8 8 .  
week' Mean NO. l a rvae /+  t" 
Rocks 
- (df - 4 )  
Vege ta t ion  
1 0  (July) 3 3 . 7  f 83.9 1 1 2 8 . 0  f 1 0 8 3 . 0  -2 .88 .  
1 1  (July) 3 5 . 0  f  7 3 . 9  1 4 6 8 . 0  '2337.0 - 2 . 6 1 r  
1 3  (July) 2 5 . 0  f 6 6 . 1  5 6 9 . 0  f 4 9 7 . 0  -5.40*'+ 
17  (AUg.) 1 1 5 . 0  f 3 5 6 . 0  5 8 6 . 0  i 5 4 1 . 0  - 2 . 9 9 *  
18  (Aug.) 2 3 . 3  f 7 3 . 7  2 2 8 . 0  f 4 0 5 . 0  - 1 . 8 0  
.Weeks were numbered in  sequence w i t h  week 1  t h e  l a s t  week i n  
April  and week 2 2  the l a s t  week i n  September (see Appendix 4 
f o r  f u r t h e r  d e t a i l s ) .  
" t - t e s t s  were  performed on l o g  (y + 1) t ranformed d a t a .  Raw 
da ta  have been presented t o  a l low ~ o m p a r i r o n r  wi th  p rav ious ly  
published w o r k  
given in paientheses. 
- - 
Site' Conductivity Oisnolved 
(ps/cm at 25-C)  oxygsn 
(%saturation) 
BCO 1977 6.2 f0.2 91.0 611.1 84.4 flO.0 
(5.7 - 6.6) (65 - 105) (72.0 - 111.1) 
APO 1987 6.2 50.4 47.7 f3.4 96.0 f8.4 
(6.0 - 6.6) (46 - 55) (74.0 - 113.0) 
1988 6.2 f0.3 63.2 15.5 92.7 f5.5 
(5.7 - 6.7) (52 - 72) (79.8 - 100.8) 
'Sampling a t  APO was discontinued after the first of July 
during 1987. 
FIG. 8.1.   he ~ogans pond drainage basin showing location of 
the BCO sampling stations. This drainage basin war located 11 
km N of st. John's, Newfoundland (47.34' - 47.37 '  N, 5 2 ' 5 0 '  - 
52'53 '  %'I. 

FIG. 8 . 2 .  Filament a r t i f i c i a l  sampler (f i lament plus orange 
metal anchor) in eitu. Note larvae attached t o  f i lament 
ceramic t i l e  i n  background was used t o  provide contras t  10; 
photographic purposes. 

FIG. 8.3. Percent cytotype conperit'.on at each of the 4 
sampling stations for the 1987 and 1988 collections (early May 
to mid September). Composition WL; calculated separatsly for 
each site, year, and substrate. 
LP - Little Picaos 
BP = Big Picoos 
AP = AXBS Pond outlet 
BC = Beachy Cove Outlet 
F = filament substrate 
R = rock substrate 
V = vegetation substrate 

PIG. 8.4. Weekly variation in stream conditions at the Bsachy 
Cove outlet (BCO) sanpling atariou for 1987 and 1988. Readlngs 
were taken st tlne of  larval collacrron. Velocitv was measured 
5 cm above the stream bed at the station midpoiit. se s tan  war 
suspended material between 0.45 - 1000 Irm. Temperatures are 
for the entire week up t o  the tine of larval collection. 
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FIG. 8 . 6 .  Weekly var ia t ion  in  stream conditions a t  the Big 
Piccos (BP) sampling s t a t i o n  for 1987 and 1988. Readings war* 
taken a t  t i n e  of larval co l l ec t ion .  Velocity was measured 5 cm 
above t h e  stream bed a t  the  s t a t i o n  midpoint. Serton was 
suspended material between 0.45 - 1000 8.. Tenperaturea are 
for the er , t i re  week up t o  the time of larva l  c o l l e c t i o n .  
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PIG. 8.7. Weekly variation In stream conditions at the Little 
Piccos (LP) sampling station for 1987. Readings were taken at 
time of larval collection. velocity war measvred 6 cm above 
the stream bed at the station midpoint. Seston was suspended 
material between 0.15 - 1000 rn Temperatures are for the 
entire week up to the time of larval collection. Percent fast 
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FIG. 8 . 8  (continued on next l e a f ) .  Seasonal suocersion of  last 
l arva l  ins tar  cytotypes a t  the  Beachy Cove o u t l e t  IBCOI 
aamollna atation durino t h e  1987 and 1988 f i e l d  seasons. ODen 
;~;;BLIwiiha~imalie; b l a c l  square shown on the date a i i s  
mark weeks samples were n o t  taken. 







FIG. 8.8 (continued). open squares with a smaller black square 
shown on the date axis marl weeks samples were not taken. 





FIG. 8 . 9 .  seasonal  succes s ion  of l a s t  l arva l  i n s t a r  cytotypes 
a t  t h e  ~ x e s  Pond o u t l e t  (APO) sampling s t a t i o n  during the 1987 
and 1988 f i e l d  seasons. Onen .mares with a smaller black ;Gar* ~eh&i on t h e  date Bxia i ark  weeks ramplss were not 
-..... 

BIG. 8.10. Seasonal succession of last larval inster cytotypes 
at the Little Piccos (A) and Big Piccos (B and C) sampling 
stations during the 1987 and 1988 field seasons. Open squaree 
with a smaller black square shown on the date axls mark weeks 
samples were not taken. Due to the low number of larvae (n - 
23) collected from rooks at BP in 1988, results for these 
o~lle~tions have been omitted. 

XLOllBTRY IN LAST LARVAL IHSTARS OF E?O/C lllPD ACD 
Biological studies have lagged far behind the rapid 
designation of rimvliid sytotypee largely due to the 
difficulty in separating cytotypes using conventional 
morphological chaeaoters (e.g., Rothfels &a. 1978). Ae few 
simuliid ecologists are presently capable of cytotaxonomic 
identirication theneed for pra&ioalmorphological characters 
is critical if cytotype ecology is to progress beyond the 
danceiptivs phase (Adler pars. corn. 1987; Feraday pers. comm. 
1987). Most morphological characters of practical usa have 
already been examined and Crobbkey (19811 concluded 'the 
chara~ter-future appears to lie more in the morphoaetric study 
of old ones (characters) rather than in the discovery of new 
ones1. This same author pointed out that morphometrics has 
been the most neglected aspect of simuliid morphotaxonomy. 
Recently, morphometris studies have attempted to use 
linear meaeurements and, of concern here, ratios of these 
measurements as variables in discriminant analysis for sibling 
separation (Adler 1983; Snyder and Linton 1983). Ratios have 
also been used as characters in traditional dichotomous keys 
of morphospeciea 1e.g.. stone 1964). However, in both 
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ins tances  simple a l l ana t ry  of s i z e  was never considered.  
x t  h a s  bean gsnera : f  thought t h a t  r a t i o s  a c t  as a means 
of scalinsrnorphonetrio va r i ab les ,  thereby removing t h e  e f f e c t  
of v a r i a t i o n  i n  general  'ody size, which fo r  b l a s k f l y  l a rvae  
is l a r q a l y  a function of r e a r i n g  cond i t ions  (e.9. .  M e r r i t t  e6 
u. 1982).  where isometry e x i s t s  between z measurements, 
p ropor t iona l i ty  of s i r e  is maintained d e s p i t e  d i f f e r e n t  
abso lu te  body s i zes ,  whereas s l l o n e t t y  implies t h e  r a t i o  
changes over t h e  range o f  body s i r e s  (Daly 1985).  I f  r a t i o s  
are no t  ' anv i ranaen t s l ly  s t a b l e ' ,  i . e . ,  i f  isometry is not t h e  
case, t h e i r  use as taxonomis charac te r s  i s  q e s t i o n a k i v  end 
can lead t o  erroneous conclusians (Janzon 1986). 
 his study t e s t s  t h e  hypothesis  t h a t  al though l i n e a r  
measurements may "a'-y vdth r e a r i n g  condit ions (Table 4 . 5 ) .  
r a t i o s  or these  EharaCterS remain s t a b l e  and t h u s  have 
tsxononic po ten t i a l .  Morphometric d a t a  from labora to ry  reared 
EFGlC and ACD (chapter I )  and wild caught EFG/C (chap te r  7)  
ware used t o  t e s t  t h i s  hypothesis .  
Head capsule measurements from t h e  temperature study 
(chap te r  I )  for l a s t  i n s t a r  EFGIC (10 - 3OoC) and ACD (10 - 
25.C) and wild EFGIC f r o m t h e  micmdis t r ibu t ion  etudy (chap te r  
7)  ware used far ana lys i s .  The 6 r a t i o s t h a t  can be  aa lcu la ted  
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from the 4 linear head capsule measurements (Fig. 2.1) were 
subjected to morphonetrio analysis to datermine it allomctry 
existed. The allometric equation: 
[l] log y = alogx + logb 
is a straight line where y and x are linea't measurements. a = 
the slope and logb = intercept (Could 1966). If isometry is 
present, a = I, otherwise alloaetry in indicated. Regression 
equations were computed (all temperatures combined) for each 
sibling, using bath principal axis regression (PA) and reduced 
major axis ragression IRMA). Isonatry was not rejected if the 
value of 1 fell within the 951 confidence limits for slope. 
correlations batween head capsule measurements were also 
calculated. 
RESULTS 
Results of correlation and regression analyses are shown 
in Table 9.1. A nigh degree oi correlation existed between the 
eize of head capsule characters. In only 2 cases did PA and 
RMA reach different consluslans. m dstail. RMA shoved all 6 
ratios of ACD were isometric over the range of experimental 
tenpmratures, however, the CAW/XCL ratio is suspect due to a 
low correlation batween these two characters and rejection of 
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isometry by PA. Only 2 r a t i o s  shoved i s w e t r y  lor laboratory 
reared E F ~ C  (PAUIHCL and HCL/NW). ~ e s u l t s  fo r  laboratory 
reared larvae did not change appreciably when the  analysis  
(not  shown) wan r e s t r i c t ed  t o  temperatures (10 - 20 .~ )  mare 
t yp ica l  of boreal streams. Isometry could no t  be r e j ec t ed  fo r  
5 of t h e  6 r a t i o s  examined f o r  wild caught E ~ / C  larvae.  
A high deqree of co r re l a t ion  was found between t h e  sire 
or head capsule characters  i n  con t ra s t  t o  o the r  species (colbo 
and o k a a e  1988; colba 1989). although l i n e a r  head capsule 
measurements were sens i t ive  t o  temperature (Table 4.5). model 
11 reqrcssion analysis  suqqestsd t h a t  i n  many cases t h e  r a t i o s  
between these  meaeurements were temperature s t a b l e  as 
indicated by t h e  aooeptanse of isometry (Table 9.1). 
Host notably, w showed a l l  6 r a t i o s  or ACD were 
isornetria over t h e  range of experimental temperatures. 
However, only 2 r a t i o e  shoved ieometry fo r  laboratory reared 
EPOjC (PAWIHCL and HCLlHW). This SugqlqoStad M a t  head capsule 
tihape of EPGIC is much more variabla i n  response t o  
tamperature than ACD, with t h e  implication t h a t  shape is a 
POOL. taxonomic character. 
Isometry could not  be re j eo ted  for 5 of t h e  6 r a t i o s  
examined f o r  wild caught EPCIC larva* which i s  i n  con t ra s t  t o  
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the laboratory reared larvae. Allometry of size nay indicats 
that a population is a composite of 2 or more distinct 
populations (Simpson &a. 1960), which could account lor the 
above rssulta. Laboratory roared EWIC were treated as a 
sin418 gmup, but could ba considered a collection of 
populations, each one defined by its rearing temperature. Wild 
EFGlC cane from a single collection with individual larvae 
exposed to the sane environmental conditions, thus farming a 
homogeneous population. accordingly, analysis of a population 
based on a dingle collection msy not be sufficient to fully 
evaluata dispropo~tionate change~ in aim. 
Colbo (1989) showed that certain head capsule 
neasurmrntrr in simul;.rm zettsrstedt did not remat? 
stable, thus vitiating their taxanamif value. As shown by the 
ilbova enalysis, a ratio between varying linear mearursnents 
nay not alwaya constitute a stable third aharactar. Jelilicka 
(1978) shared that both head Espsule width and cephalic 
apotoma width (referred to as the fronr-olypeus width) in 
S !Ueigen) and Q. snimhsa (Doby and Deblock] 
show a high degree of variability between sites and 
generations and he suggested that temperature was a primary 
cause of this variation. Hs canclgded that the application of 
a character for taxonomis purposes without an examination of 
spatial and temporal variability was questionable. Similar 
problems have been noted with other insecte. For example, 
Jan~on (1986) trlund that about 60% of the ratios used to 
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separa te  speaies of a d u l t  gtwomalus (chalcidoidea) produced 
srraneou. r e s u l t s  due to a l lone t ry .  nowever, once detected 
such r a t i o s  could be corrected t o  produce use fu l  characters i n  
many oases. rr, my knowledge, no one has c r i t i c a l l y  examined 
how a l lone t ry  a f f e c t s  t h e  usefulness of r a t i o s  as taxonomic 
charac te r s  for s i m l i i d  s i b l i n g  eaparation.  
Although t h e  de tec t ion  oe simple a l l o n e t r y  of s i z e  i s  
r e l a t i v e l y  easy, the  most widely asaeptad Modal I1 regression 
prrrcedures f a r  norphomstrio ana lys i s  (PA an< W) are n o t  
found in some of t h e  mora com,only used s t a t i s t i c a l  packages. 
Therefare, a Minitab maore was wri t t en  to perform t h e  
esasn t i a l a  or model I1 regress ion  required for a l lomet r i c  
de tec t ion  (Appendix 5) .  
1. Data from larval head capsule measuremants were used t o  
determine al lomstry of size tor f i n a l  i n s t a r  EPolC and ACD. 
MBaBUremBntB were evaluated using p r i n c i p a l  a x i s  and reduced 
aajo~ axis regression.  
2. Isometry of s i z e  was acoepted lor only some r a t i o s  and i t  
is argued t h a t  a c h a r a c t e r ' s  'environmental s t a b i l i t y .  should 
he assessed be fo re  it is considered as a thxonomio oheractsr .  
TABLE 9.1. Slope and 951 c o n l i d e r n e  l i m i t s  for p r i n c i p a l  a x i s  (PA) and reduced major a x i s  
( m )  regression l i n e s  o t  heaa  o a p s u l e  laearuremnts  for l a b o r a t o r y  reared EPGIC ( l o  - 3 0 0 ~ )  
and ACD (10 - 25.C) and f i e l d  c o l l e c t e d  EPCIC. 
EPClC 
(reared) 
(" = 120) 
Variables' PA Confidence L i m i t s  RLUL Eo&danca Limi- f 
r e g r e s s e d  s l o p e  Cower Upper s l o p e  Lover Upper 
CAWIHCW 2.104 1.638 2.834 1.560 1.324 1.794 0.563 
CAWIPAW 1.844 1.364 2.646 1.373 1.156 1.590 0.495 
CAWIHCL 1.819 1.411 2.441 1.419 1.205 1.633 0.563 
PAWlXCU 1.156 1.016 1.279 1.136 1.036 1.235 0.877 
PAWlHCL 1.047 0.880 1.247 1.034 0.904 1.163 0.726 
HCLIHCW 1.130 0.971 1.318 1.099 0.971 1.227 0.769 
ACD CAWIHCW 1.250 0.890 1.806 1.143 0.911 1.377 0.598 
(n = 641 CAWIPAW 1.150 0.739 1.844 1.074 0.840 1.310 0.510 
CAWIHCL 2.279 1.057 14.462 1.293 0.978 1.607 0.282 
PAW/HCW 1.074 0.934 1.236 1.065 0.915 1.194 0.877 
PAWIHCL 1.361 0.970 1.984 1.203 0.958 1.449 0.695 
HCL/HCU 0.817 0.569 1.144 0.885 0.706 1.061 0.604 
'CAW F c e p h a l i c  apotome width, HCU = head c a p s u l e  width. PAW - postantenna1 b u t t r e s s  width. 
HCL = head c a p s u l e  length .  
'all r v a l u e s  were s i q s i f i c a n t  a t  p < 0.001 wi th  df  = n - 2,  except  r = 0.282 and r = 0.338 
which were s iggni t icant  a t  p < 0.01. 
The present study has enphasised the influence or abiotic 
factors on preimaginal development and diatribution, although 
some svidence war presented for competitive interactions 
(ohapter 6 ) .  The emphasis on abiotic faotors is justified 
bacaUBB numerous studios have shown that the lotis community 
is larg-ly strustured by locally operating abiotia factors 
(e.q., lala a. 1988). In addition, many biotic 
interactions between ep-ciee in loti0 systems, such a= 
competition, may be mediated by abiotic castors (e.9.. 
Hemphill and Cooper 19831. Nevertheless. future attention 
should be paid to biotic interactions among siblings and 
between siblings and other macroinvortebrates. Data on biotic 
interactions will be crucial in determining if interspecific 
differencas in spatial and temporal distribution indeed 
represent habitat partition1,ng in responss to limited 
?2eSOUeCeQ. 
Rothisla provided strong evidense that many P. xsnxsQm/ 
cYtotypeQ were teprodustively isolated and 
biologioally distinat sibling specias (Rothfols k f  al. 1978; 
Rothfela 1981a). The results presented here provided the 
complementary ecalogical evidence to support the distinst 
epesies status of the 6 cytotypes (EFGIC, CC2. CC3, AC(gb1, 
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ACD, UL) found on the Avalon Peninsula, i.e., each cytotype 
examined was in !-;t a oytospeoies. sprial-temporal data 
showed each cytosgeoiee had a unique ecological profile, 
th-rsfore the null hypothesis of chapter 1 la rejected. 
Differenoe. among the ecolqical profiles of each 
sytospesies era well illustrated by simultaneously comparing 
differences along gross spatial (stream type) and gross 
temporal (months) axes. spatial-temporal profiles were drawn 
(~ig. 10.1) assuming that: i) cytoapeaies distribution in the 
macrodistribution collestions (chapter 5 )  was indicative of 
the mean percent occurrence among stream types and: 11) 
filament collections at the phenology sampling stations 
(ahaptor 8 )  reflected sytospesies seasonality. 
Results ofthe present study sire significant for several 
reasons. Pirst, in North America previous studies an sinvliid 
sibling ecology have either been: i) restricted to 1 or 2 
sibling apesian (e.9.. lidler and Kim 1981); ii) focused on a 
partioular aspecc of ecology such aa phen~logy (e.9.. Lahe and 
Buqer 1983) or nacrodistribution (Gordon and N p p  1980) or: 
iii) faunistic surveys consisting primarily of colleotion 
records with limited ecological infornation (e.9.. Cupp and 
Cordon 1983; Adlar and Kim 1986). 
The present study is the first broad-based ecologisal 
investigation of 6 sympatric cytorpecies ossurring within a 
limited geographic area. ~ifferen~es among cytospecisa vers 
found in: i) physiology (1.e.. response to tenprature): ii) 
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habitat selection on both the macrohabitat (stream type, along 
a atream continuum) and misrohabitat (velocity, depth and 
substrate preferences) mala; iii) temporal segregation 
(seasonality, voltinism) and; iv) morpholDgy (allometry of 
size). Nture studies must take into account the unique 
ecologies of individual cytosp~cies. Clearly we are 
approaching the limit of useful ecoln~ical insight that can be 
gained from research centred on the species complex rather 
than the cytospeciea. Although the logisti~s of cyt~tllxon~my 
greatly reduce the number of individuals that can be 
identified, it is my opinion that each investigator should at 
least be aware of which cytospecies oonstituta their study 
populations. This is of partin~lar importanse for the I. 
v -stun/- complex in Newfoundland where most sites 
supported mixed sibling populations. 
Another significant finding of the ourrent study was that 
the cytorpacies fauna can change substantially over relatively 
small distances. Although cytotype c~mp~sition !.s known to 
change along a stream continuum (e.g., r. t;lberosr?n complex), 
these changes usually oocur over a scale measured in 
kilometers (Mler 1987). However, in the present study it was 
found that the oytospecies assemblage of the S. XSW&~~/ 
7complex at lake outlets aay be very different from 
the cytaspeciee assemblage as little as 100 m downstream. Even 
within a epasific habitat (i.e., a 10 - 20 m section of 
stream) it was ooncluded that cytospecias composition varied 
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between di f ierent  substrates, depths and veloci t ies .  
The findings presented here also support Rathfelos 
supposition t h a t  most cytologically defined members of the  S.. 
venustumlvereoundum conplex are valid species (Rothfels d. 
1978; Rothfels 1981.). Eash Eytospesiaa on t h e  Avalon was a 
d i s t i n ~ t  species with a unique spatial-temporal distribution 
(Fig. 10.1). and it s e a s  reasonable t o  assume other members 
of the complex will  l ikewise prove t o  be d i s t i n c t  species with 
~ h a r t t ~ t e r i ~ t i ~  ecological profiles.  although some synonymy 
w i l l  l ike ly  occur (e.g., AA veresundum = A/C yereounduln = CC 
veracundum) t h e  currant trend t o  lump members of t h e  venustun 
l i n e  f o r  convenience 1e.g. .  Currie pers. comm. 1990) i s  not 
j u s t i f i e d  in  l ight  of my findings. 
Finally. conslusions reached here may have significant 
ramifications for t h e  Nematocera (lower. f l i e r )  i n  general. 
Cytological s tudies  of mosquitoes ( N l i c i d a e )  and midges 
(Chironomidae), s i e t e r  families t o  simuliids, have also 
revealed t h e  existence of s ib l ing  species. If sibling 
complexes are widespread throughout the  Nematocers, and. as 
suggested here, each s ib l ing  has a charac ter is t ic  spatial- 
temporal d is t r ibut ion ,  ecological data based on the 
morphospeciss, with no consideration of s ib l ings ,  would have 
limited value. AS is the case f o r  simuliids, re-evaluation of 
taxonomic, behavioural, physiological and eoological data for 
other Nalnatoaera may also be necessary. The species i s  the 
basic uni t  of soology (Krebs 1985) and without a clear 
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perception of what this means, serious questions also arise 
about our underatanding of oomunity structure. 
BIQ/C 
EK/C is a sublacustrine species which war rarely found 
more than 500 n from an outlet. Its decreasing contribution 
(percent) to the oytorpecies fauna with increased distance 
from an outlet (lo - loo0 m) was highly predictable. At the 
level of the microhabitat, this cytoepecies was most abundant 
in shallow (optimal depth L 0.05 m), slow (optimal velocity = 
0.36 m/s) water and at a position slightly removed (=a. 10 -15 
n) from the outlet. Pupae did not select a micmhabitat 
different from that of last larval instars. 
Eggs of EFG/C comenced hatching by late Marsh with last 
Instal: larvae consistently appearing 1 - 5 weeks earlier than 
other cytospecies. EFG/C, a univoltine spring species, was 
most abundant in nay. larvae ware found from May 5 to June 20, 
with a single speainen collected on July 13. This latter larva 
is not indicative of a second generation but was most likely 
a delayed or diseased individual. 
laboratory experiments shoved that larval EFG/C had a 
high tolerance to warn water (25 - JO'C) which could be an 
adaptation to the unpredictable and wide temperature 
2 9 2  
f luc tua t ions  c h a r a c t e r i s t i c  of the  sp r ing  c l ima te  on t h e  
Avalon Peninsula. It was a l s o  noted t h a t  as temperature 
changed so d i d  aspec t s  of t h e  reproduotive l i f e  h i s to ry ,  
i . e . ,  s i z e  (and presumably fecundity) was maximized a t  10 - 
ls'c, su rv iva l  was highes t  st 15 - 20°c, and development was 
f a s t e s t  a t  2 5  - 30-C. Threshold temperature of development war 
O°C. males r equ i red  s i g n i f i c a n t l y  l e a s  t ime  t o  reach  t h e  l a s t  
i n s t a r  than females; however, development t ime  from t h e  
prepupal s t age  t o  a d u l t  emergence d i d  not  d i f f e r  between t h e  
SBXBB. 
ACfqbla) 
AC(gb1 Was a downstream q t o s p a e i e s .  This s p e e i e e  showed 
no s i g n i f i c a n t  d i f fe rences  i n  frequency o f  occurrence among 
t r i c k l e ,  small  s tream, or l a rge  stream s i t e s .  Nevertheless,  
AC(9b) waa most f r equen t ly  found i n  cool,  canopied streams, 
where t h e  stream bed cons i s t ed  mainly of small  s tones  andlor 
rubb le  and a wide v a r i e t y  of l a r v a l  s u b s t r a t e s  were ava i l ab le .  
A comparison o f  s i t e s  between 0.9 and 7.4 m wide showed l a rva l  
abundanoe tended t o  inc rease  with increasing stream width. 
Th i s  i n  tu rn  may have been r e l a t e d  t o  t h e  food supply.  At mast 
l o c a t i m ~  on ly  a s i n g l e  generation of AC(gb) occurred pe r  
year,  wi th  l a r v a e  mast  abundant i n  l a t e  Ray and e a r l y  June. A 
second generation sporad ica l ly  occurred a t  a few s i t e s .  
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CC1 aIP CC3 
cc2-3 was t h e  most cooinonly encountared blackfly a t  
downstream locations. I t s  increasing contribution (percanti t o  
the  cytospecias fauna with increased distance from an out le t  
(10 - 1000 m) was predistable. Larvae showed no prefeeanoe f o r  
d i f ferent  downstream (T, S, L) s i t e s .  Larval abundance a t  
downstream s i t e s  was highest a t  those s i t e s  with a high food 
(qualitylquantity) supply and low conductivity. CCZ-3 larvae 
were found in  strealm from Hay 20 t o  Aug. 2. 
Based on male ident i f ica t ions ,  CCa shewed no preference 
f o r  T, S o r  L s i t e s  and can be considered a habi ta t  g s n e r a l i r t  
within downstream locations. I n  Newfoundland, CC2 has one 
generation per year a t  some s i t e s  and a t  l e a s t  a second 
generation a t  others. What determines t h e  number of 
generations a t  a s i t e  is a t  present unknown. Larvae ware found 
from May 20 t o  Aug. 2 and it is l ike ly  t h a t  individuals 
p e r s i s t  i n  streams throughout August. 
Based on male ident i i ica t ions ,  CC3 was most frequently 
found in  large streams. CC3 i s  most l i k e l y  a univoltine 
cytospecies, o r  (similar t o  AC(gb)) a species which has a very 
l imited second generation i n  a s m l l  number of streams. Larvae 
wera found from May 21 t o  July 15. 
M 
M was most often found a t  lake out le ts  and t r ioklee .  
Eggs of t h e  summer generation(s) were deposited on emergent 
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and trailing vegetation which would account for the larval 
preponderance on this substrate. Adults of the last summer 
ganeration oviposit eggs directly into the stream where they 
sink to the straam bottom. Larval distribution of the summer 
generstion(s1 was influenced by the availability of vegetation 
for ovipositional sites and/or larval substrate. 1t was 
concluded that the distribution of the spring generation was, 
in part, the consequence of females from the fall population 
preferentially ovipositing at ~ublaoustrine locations. 
AA has at least 2 and probably 3+ generations per year in 
Newfoundland. This species was most abundant in streams after 
May, but was found from nay 21 to Sept. 16. Cytological 
evidence suggested that the normal dispersal range of adult 
females Was less than 12 Lm. 
Laboratory experiments showed that larvae could tolerate 
temperatures of 10 - 25'C. sex did not influence the rate of 
development. 
ACD 
Larval ACD is a sublacustrine species although it can be 
found at other 1or;ations. At the level of the microhabitat, 
this cytoapeciea was most abundant in fast water (optimal 
velocity = 0.69 - 0.73  mls). Depth did not influenca 
microhabitat selection. Pupae did not appear to move to a 
diffsrsnt microhabitat in order to pupate. 
ACD ha8 at least 1 and probably 3+ generations per year 
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i n  Newfoundland. Larvae were found from May 2 1  t o  Sept.  16 b u t  
we.= moat abundant i n  streams a f t e r  May. Adult females of t h e  
summer g e n e n t i o n ( s )  ov ipos i t ed  eggs i n  masses on t r a i l i n g  and 
emergent vege ta t ion .  Adults  of t h e  l a s t  sumor g e n e r a t i o n  
o v i p ~ s i t  eggs d i r e c t l y  i n t o  t h e  stream where they s i n k  t o  t h e  
s t r eam bottom. 
l abora to ry  experiments shoved t h a t  larvae could t o l e r a t e  
a wide range of temperatures (5 - 25-C) . Sex d i d  no t  i n f l u e n c e  
t h e  r a t e  of development. 
FIG. 10.1 (continued on next l e a f ) .  Ecological peo i i las  b a s e d  
on gross s p a t i a l  (stream type) and gross temporal (months) 
d i f ferences .  Due to the  uncertainty regarding t h e  seasonal i ty  
O f  CCZ and CC3, thebe cytospecies have been omitted. 
0 = o u t l e t  s l t e  
T - t r i c k l a  s i t e  
s = enal l  stream s i t e  
I = large stream s i t e  
as: 
EFGC 
FIG. 10.1 (continued). Note that s second generation of AC(qb) 
may oocur in a very limited number of sites. 
0 = outlet site 
T = tricKle site 
S = small stream site 
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T h i s  appendix (Table A. l )  prov ides  M e  lD0Btion. s t r eam 
c o n d i t i o n s  a t  Me t ime of sampling and t h e  r e s u l t s  of 
c y t o l o g i c a l  i d e n t i f i c a t i o n s  (p resen t l absen t )  from each s i t e  
sampled f o r  t h e  macrod i s t r ibu t ion  a n a l y s i s  presented in 
chap te r  5 .  Location nmee ( 8 .  = Brook; R. - River; P. = Pond1 
and l a t i t u d i n a l - l o n g i t u d i n a l  coord ina tes  were t aken  from 1: 
50,000 s c a l e  t o p w r a p h i c a l  lnaps produced by t h e  Departmen* of 
Energy, Mines and Resources, Surveys and Mapping Branch, 
Ottawa, Canada. Names of o u t l e t  s i t e s  were of t h e  ponds 
inmedia te ly  upstream from t h e  o o l l e o t i o n  s i t e .  In  many cases 
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APPBNDIX 2 
Tabled below are the 95% confidence limits associated 
with estimating the percent of a cytotype in a sample, from a 
subsampla of 12. Calculations followed Zae (1984). Far ease 
of computation, sample size was conpideeed infinite, as 
subsampling war without replacement. Note that oonfidence 
limits were computed using the relationship between the F 
distribution and the binomial distribution which produces 
asymmetrical limits. The advantages of this method over the 
normal approximation to the binomial distribution are: i) 
calculated limits are acourate even when percents (p) are at 
extremes (i.e., 20.0% c p > 80.0\) and; ii) nonsense limits 
(i.e., 0.0% < cL > 100.0%) typissl of the normal approximation 
are avoided. 
TABLE A.2. 95% confidence limits for the estimated percent (p) of oytotypei in a sample based 
on a subsample size of 22. 
NO. of Estimated Layer Upper p - Lowar 
fytotype p oe cytotypei confidence confxdense limit 
uppar - P 
limit 
in subsamble in sample limit linit 
-- 
Mean confidence interval 
ninimum confidence interval 
naximum confidence interval 
This appendix provides Prouda number preference curves 
for EPOIC, mixed ACD-EzA and ACD cytotypes. Details of sampling 
procedures, statistical analysis and calculation of Froude 
number can be found in Chapter 7. Mean stream velocity 1- 
velocity at 0.6 the depth) is required to calculate Proude 
number (Statmer &a. 1988). However, in the present !itudy 
vslooity was measured at 2.5 om above the substrate. 
Nevertheless, it is a reasonable assumption that the 
calculations presented here are at least a relative index of 
Proude nunF - (Craig pers. corn. 1990). Therefore curves 
should accurately represent the relationship between larval 
abundance and Prouda number, although optimal values would be 
higher than indioated here (see equation 2, chapter 7). 
Ths rasponse of larval A m  to depth and velocity was 
similar for colleotione 6 and 7 (Table 7.21, but curves for 
Proude number differed (Pig. A.1). A similar comparison can be 
mada for ACD-M (Table 7.2, Pig. ~.1). Wetmore & &. (1990) 
on the other hand found that the larval habitat of the 
filtering caddisfly BraChVcentrUs Banks at 2 
sites differed in terns of the velocity and depth hut was 
~~nsistent in terns of Proude number. A comparison of R' 
values in Table 7.2 and Pig A.l showed that Frrrude number 
alone did net improve the ability to predict larval abundance 
conparad to velosity, depth end distance as predictors. 
FIG. A . 1 .  FeOude "her-~referenca curves for larval EFGIC. 
ACD-UL and ACD. preferen& factor measures last larval in&; 
response t o  observed Ehanges in Froude number on a scale of 0 
(conditions least suited for larvae) t o  1 (optimal 
conditions). Details of preference curve calculations can be 

This appendix gives the weakly variation in abundance of 
last larval instar S. mm (total larvae) and 
individual cytotypes for the 1987 and 1988 field seasons. All 
values are expressed as logs. sampling stations were lmated 
at Little Piccos (47.40'30" N, 52'47'15" W), sig ~iocos 
(47.12'15" N, 52'44'00" W), Axes Pond outlet (47'40'45" N, 
52'45130w W) and Beaohy Cove outlet (47'35'453 N, 52'51'0Om 
Wl. Graphic representations o f  there data are presented in 
chapter 8. week 1 was the last week in April and Week 22 the 
last week in September: May - weeks 2 - 51 ~ u n s  =weeks 6 - 9; 
July = 10 - 14; August = 15 - 18; September = 19 - 22. Nota 
that SD = standard daviation (stratified randon design): L-CI 
= lower confidence linit; U-cI -upper confidence linit; EP - 
EFG/CI AC = ACDl AA = Mi CC = combined CC2 and CC3; GB - 
Ac(9b). 
339 
TABLE A . 3 .    he no logy iilament collections, Little ~issos. 
1 9 8 7 .  
Wk Total larvae lloal Cvtotvoes (lor, meanl 
Mean SD L-CI U-CI CC GB AA 
TABLE A.4 .  Phenology Jyilamont r;olle.;tionS, Big Piccos. 
Wk mtal larvae floal mtotv~es floa meanl  
Mean SO L-CI U-CI  CC GB AA 
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TABLE A.5 .  Phenalogy f i lament c a l l a c t i o n s ,  Axes pond o u t l e t .  
Wk Total  larvae llwl c v t o t ~ ~ e s  (10. mean1 
Mean SD L-CI U-CI El AC M CC GB 
3 4 2  
TABLE A.6. Phenology rock collections. Axes Pond outlet, 1988. 
Wk Total larvae i losl C v t o t v ~ e s  lloa neanl 
Mean SD L-CI U-CI EC AC AA cc CB 
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TA3LEA.7. ehenology filanentcolleotionr, Beachy Coveoutlet. 
Wk Total larvae l l ~ I  C v t o t ~ ~ e s  1100 mean1 
Mean SD L-CI U-CI EP AC AA CC GB 
TABLE A.8. Phenolagy collections, natural substrata,  Beachy 
cove outlet, 1988. 
W Total larvae (lea C v t o t M e S  (10. mean1 
Mean SD L-CI U-CI EP AC M cc GB 
ROCK 
3 -  - - - - -  - -  - 
1 9 -  - - - - - - - -  
20 0 . 0 0  0 . 0 0  0 . 0 0  0 . 0 0  0 . 0 0  0 . 0 0  0 . 0 0  0 . 0 0  0 . 0 0  
2 1 -  - - - - - - - -  
2 2  0 . 0 0  0 . 0 0  0 . 0 0  0 . 0 0  0 . 0 0  0 . 0 0  0 . 0 0  0 . 0 0  0 . 0 0  
VEGETATION 
Given below is the ninitab macro used to oalculata the 
slope and 958 confidence limits for simple (i.e., 2 variables) 
principal axis (PA) and reduced major axis (RMA) eegreseion. 
These regressions were used to detect simple allometry of size 
in last larval instar EFG/C and ACD (chapter 9 ) .  This program 
also produces a scatter plot and oomputes the Paarson's 
product moment correlation ~oafficientbetween variables. This 
program will mn on ninitab Vereione 6.0 and 7.0 and should 
also work on any newerversions. Computational algorithms were 
taken from Sokal and R0111f (1981). 
Minitab Macro 
I M.U.N. ST. JOHN'S, NF, CANADA A10 3x9 # 
NOTE 
NOTE 
NOTE VARIABLE DESCRIPTION 
NOTE =--==-============-=== 
NAME Cl 'Y' C2 'X' 
corn C1 C2 
HEIG=lS 
PMT CI r z  
LET C3-CllC2 
NAME C3 'RATIO 
DESC C1-C3 
*----------------------------------------------------------* 
i PRINCIPAL AXIS REGRESSION (PAR) I 
# ONLY S M P E  FOR PRINCIPAL AXIS GIVEN AS THIS IS SLOPE t 
I USED TO DETERHINE ISOMETRY f 
LET Kl=(STDEY(C1))**2 
LET K2=(STDBY(C2))**2 








invcdf .95 Kll; 
F lK10. 













NAME C3 'Y-INTER' C4 'SWPE' C5 '95%IQWER' C6 '95%UPPER' 
PRINT C3-C6 
#----------------------------------------------------------# 
I REDUCED MAJOR AXIS REGRESSION (m) # 
# PROGRAM USES STANDARD ERROR OF ORDINARY LEAST SQUARES TO # 
1 ESTIMATE ERROR OF WA # 
#----------------------------------------------------------# 
LET Kl=SIRI( (Cl-MWT(C1) 1-2) 
LET K2=SUK( (C2-MEAN(C2) ).t2) 
LET K3-(Kl-((SUII(Cl*C2) -(SUM(Cl) *SUM(C2) /N(Cl) ) ) "2) /K2) 
LET K3=((K3/(N(Cl)-2) )/K2)**.5 
LET K7=SSQ( (C2-MEAN(C2) ) ) 
LET K8=SSQ((Cl-MEAN(C1) ) )  
LET K9=(K8/K7)*+.5 










NOTE REDUCED MAJOR AXIS REGRESSION 
N O T E ~ F S ~ = = = = - = S = = = ~ = = = = ~ = = = - = ~ = Z = = = = ~ = ~ = = = ~ ~ = S  
NOTE 
PRINT C3-C6 





NOTE------..-------------mD OF PROGRAM---------------------- 
END 



